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(57) A highly reliable copper circuit-joined board 
that, in mounting a semiconductor element, a lead 
frame or the like on a ceramic substrate, enables the 
semiconductor element, the lead frame or the like to be 
strongly joined to the substrate without breaking or 
deformation of the substrate found in conventional join- 
ing methods, such as brazing and joining using a cop- 
per/copper oxide eutectic crystal. 

Any one of an interposing layer comprising a braz- 
ing material layer comprising silver and/or copper as a 
main component and an active metal or an interposing 
layer having a two-layer structure comprising a first 
interposing layer comprising the brazing material layer 
or a high-melting metallizing layer and a second inter- 
posing layer, having a melting point of 1 ,000°C or below, 
comprising Ni, Fe, or Cu as a main component in that 
order from the substrate side, is formed on a ceramic 
substrate, and a conductor layer, comprising copper as 
a main component, which, in both the lengthwise and 
width wise directions, is at least 0.05 mm shorter than 
the interposing layer, is formed on the interposing layer 
to prepare a copper circuit-joined board. 

The copper circuit-joined board may comprise the 
base board having thereon an outer layer comprising Ni 
as a main component A semiconductor element is 
mounted on the copper circuit-joined board to prepare a 
semiconductor device. 
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,0002, Ceramics.forexamp,,^^ 

used is an electrical insulating substrate fB ^^^^^S^ a metallized circuit, composed 
using the above substrate "as generally P^f^^Tcomposed mainly of copper (Cu), on the above sub- 
mainly of tungsten (W) or ™'^ en 7 < M °> electrical insulting properties and mechan.cal 
strate. The above ceramics used as ^^^^f^^^^conductivities of alumina (Al 2 03). aluminum nrtr.de 
strength and in addition has high thermal Mrt "*X ^W/m^K 17u W/m-K. and 60 W/m-K. respectively. Among 
(AIN), and silicon nitride (Si 3 N 4 ) are approx.mately "^moarable to alumina and silicon nitride and, as descnbed 
Li!! aluminum nitride has electrical '-j^^ aluminum nitride has received the greatest 
above, has the highest thermal ^ of thermal expansion of a.um.num nrinfe 
attention as a substrate for circurt boards. Further the temperature of silver (about 800»C. .s as small as 
when the temperature is raised from room of a silicon semiconductor (coefficient of 
5 5 x 10- 6 /°C. Therefore, aluminum mtr.de .s highlyconpa^ewmn^ P ^ Qf aluminum 
dermal expansion 4 0 x 10^Q. Although the lh«ma« ^JJJ^J Semiconductor than aluminum nitride 
25 nitride, silicon nitride has a ^f^jTt^^ 7S^*** has recently begun to be utilized as a sub- 
and possesses superior ™chan.calstren^ 

stratefor a circuit board by reducmg the th.ckness of the sMcon nrtnae coefficient of thermal expansion. In 

ceramics, including aluminum nitride. ^'^^^^^J^'^on 16.7 X 10>C) is formed on the 
particular, when a circuit composed mamly of copper (co effineffl ^>t tne ^ substra te is likely to be broken due 
3 o substrate, the compatibility of copper ^J^^^^^Z!Z* to the substrate and mounting of the 
to thermal stress in the joinedinterface • * S^Stboa^l. Forth* reason, in joining the c.rcurtto the 

ers. each comprising silver (Ag) or copper (Cu) as a "™^^™* e of a joined structure compns.ng the 

posed between a ceramic substrate and a copper ^^J^^l^ bet ween copper and the ceramic .s unsat- 
above interposing layer, however. is to interpose an interposing layer appro- 

isfactory particularly in the case of a large board. Therefor e » ^ 

priate for satisfactorily relaxing the thermal stress «^ such as a lead frame, having a considerably larger 

For this reason, in joining a ceramic substrate to '^J^^'J^ been used which comprises 
coefficient of thermal expansion than tha of the c ^ o s J2^rJSal (i.e refractory metal), such as W or Mo. 
M providing a high-melting metallizing ^^^■^^^"S^ on the high-melting metallizing layer 
on the surface of a ceramic substrate and ^f^***™ case, a layer comprising the high-merting metal 
with the aid of a conventional Ag-Cu-base m*enal JJ££ioi«| Urpo-ng layer. For example. Japa- 

and the conventional silver brasing ^^ O0 ^^^^ comprising a lead frame of oxygen-free copper 
nese Patent Laid-Open No. 289950/1988 d,sctoses ^£SSS to a high-melting metallizing layer of W provided 
having high merrml conduct^ 

on an aluminum nitride substrate (see F.gs. 1 £^*"^£5ng layer of W. an Ni layer is previously formed 
ing the lead frame of oxygen-free 
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using the conventional Ag-Cu-based silver brazing material have also been studied. One of them is the so-called DBC 
(direct bonding copper) method. This method utilizes an eutectic reaction of a layer of an oxide of copper, present on 
the surface of the metallic member of copper, with copper. For example, Japanese Patent Laid-Open No. 40404/1984 
or "Erekutoronikusu Seramikkusu (Electronics Ceramics), " Nov., 1988. pp. 17-21 discloses the summary of this 

5 method. According to the disclosure, at the outset, on the surface of a substrate of an aluminum nitride sintered body 
is formed a layer of an oxide of aluminum/rare earth element/alkaline earth element used as a sintering aid for the sub- 
strate, or an oxide layer composed mainly of the sintered body. Subsequently a metallic member of copper is put on the 
above layer, and the assembly is heated in an oxygen-containing atmosphere at a temperature of the eutectic point of 
copper and a copper oxide Cu 2 0 to the melting point of copper to join the metallic member to the above layer. A similar 

io method has been introduced by Japanese Patent Laid-Open No. 32343/1985. According to the description of this pub- 
lication, an eutectic layer of a copper alloy containing an active metal, such as a group IVa element metal, is interposed 
between a member of copper and an aluminum nitride substrate to join the two materials to each other. In this case, 
fine holes are likely to be created in the joined interface of the copper member and the aluminum nitride substrate. On 
the other hand, since the interposing layer is thin, the interposing layer per se cannot satisfactorily relax the thermal 

is stress. For this reason, the thermal stress is likely to concentrate on the hole portion, leading to cracking in the hole por- 
tion. 

[0008] In the above joining method, as can be seen from Fig. 4 of the above literature "Erekutoronikusu Seramikkusu 
(Electronics Ceramics)," a variation in joining strength is likely to become large unless the thickness of the oxide layer 
on the aluminum nitride substrate is regulated within a narrow range. Further, since the interposing layer is thin, the 

20 thermal stress created due to a difference in coefficient of thermal expansion between copper and the aluminum nitride 
substrate cannot be relaxed. This is likely to cause breaking of the substrate in its portion around the joined interface. 
This unfavorable phenomenon becomes more significant with increasing the size of the substrate. Further, joining other 
member onto the above member by soldering results in oxidation of the surface of the copper member, making it nec- 
essary for the surface to be subjected to abrasive finishing. In the above method wherein an eutectic layer of a copper 

25 alloy containing an active metal is interposed, fine holes are likely to be created in the joined interface of the copper 
member and the aluminum nitride substrate. In this case, since the interposing layer is thin, cracking is likely to be cre- 
ated in the hole portion. Japanese Patent Laid-Open No. 152461/1993 also discloses a member comprising a copper 
circuit provided on a ceramic substrate. The joined structure comprises a thin interposing layer of an active metal and 
a copper circuit sheet with a step formed on the outer peripheral end portion thereof. The above publication describes 

30 that this joined structure can relax the thermal stress concentrated on the outer peripheral end portion of the joined por- 
tion. Also in this structure, however, the thickness of the interposing layer is so small that the relaxation of the thermal 
stress created in the joined interface is unsatisfactory. 

[0009] Japanese Patent Laid-Open No. 55271/1989 discloses a board comprising an aluminum nitride substrate, a 
high-melting metallizing layer of W provided on the aluminum nitride substrate, a metallizing layer, comprising as a main 
35 component at least one member selected from the group consisting of silver, copper, and aluminum, having a thickness 
of not less than 1 \xm provided on the high-melting metallizing layer, and a copper sheet joined thereto through an inter- 
posing layer of a solder or a silver brazing material. This publication describes that the joined structure can significantly 
improve the strength of joining between the substrate and the copper sheet. 

[0010] Japanese Patent Laid-Open No. 69672/1997 discloses a copper circuit-joined board comprising a silicon 

40 nitride ceramic substrate, with a thermal conductivity of not less than 60 W/m • K, having thereon a brazing material 
layer containing an active metal of a group IVa metal or the like or a high-melting metallizing layer. In this case, in order 
to control the heat resistance during actual use by reducing the thickness of the substrate, the formulation of the com- 
ponents added and the degree of crystallization of the grain boundary phase are reexamined to improve the thermal 
conductivity and to improve the mechanical strength and toughness. The above publication describes that this can pro- 

45 vide a copper circuit-joined board excellent also in thermal shock resistance. In joined structures as shown in Fig. 1 of 
Japanese Patent Laid-Open No. 55271/1989 and Figs. 1, 3, and 8 of Japanese Patent Laid-Open No. 69672/1997, the 
thermal stress is likely to concentrate in the joined interface of the outer peripheral end portion of the interposing layer. 
This tends to create warpage of the copper conductor layer, and, when the size of the substrate is large, cracking is 
likely to occur on the substrate side in its portion corresponding to the warped portion. 

so [001 1 ] As described above, various attempts have been made to join a metallic member comprising copper as a main 
component to the substrate through an interposing layer. In this connection, some problems as described above should 
be solved. Among semiconductor modules comprising a copper conductor circuit provided on the ceramic substrate 
intended in the present invention, particularly high-output modules (hereinafter referred to as "high-power modules") 
have a large substrate size. Therefore, solving the above problems has been a task necessary for practical use for many 

55 years. 

[0012] The present inventors have previously proposed an improved joined structure that can solve several problems 
as described above with respect to ceramic circuit boards used in high-power modules (Japanese Patent Laid-Open 
No. 275166/1997). This joined structure comprises a high-melting metallizing layer of W, Mo or the like, an interposing 
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jayer of a looting meta. comprising as a main component at ^^SS^SS^i TZSESStt 
5 Ni. Fe. and Cu. and a copper conductor layer in ^^^^^S^^SiS^ of thermal expan- 
melting metallizing layer functions to relax thw ™^ the wettability between the 

sion between aluminum nitride and copper. wh.le the interpos ng 'a^™™ 0 "* T ° ,m J t from tne joined structure 
high-me.ting metallizing layer and ^ 

described in Japanese Patent La.d-Open No. ' n ™" materjal layer IS absent, unlike the joined 

material, have been substantially eliminated. nronosed the following preferred joined structures. 

[0013] in the same application, the P^^S^^ in the P'anar direction 

The first preferred joined structure is such that uv ^^SSSTStS EmcSng layer are shorter than those of 
of the conductor .ayer in the joined interface of joined structure is such that, in the 

the interposing .ayer provided just under ft. ^^^^^ top surface of the interposing layer provided 
above basic structure, the angle of he adoption of the above structures, that 

just under the conductor layer ,s not S tTeSoM of the discharge phenomenon created 

has been found to be advantageous for pracbca ^^^"^ energization of the conductor layer, 
between the substrate and the conductor layer at the time J „ further practica | effects of the above 

[001 4] Thereafter, the present inventors have made a ^'^^"^^^^ tnese joined structures 
preferred joined structures. As a result a has been ^ound ^^n^Xl^^ Patent Laid-Open 
have the effect of relaxing the ^^^X^^y^e^en found to eliminate a problem that, in par- 
No. 55271/1 989 and Japanese Patent Laid-Open ^^OT«weDe outer peripheral end 
ticular. a larger size of the substrate results in higher oljhj*. & ft ^ ^ been found 
portion of the substrate, leading to ^^J^^^S^^ described before, the formation of the above 
that, even when the U*»-^ „^S^TSSi^^ further studies and have proposed, in 
basic structure can solve the same problem. I ne P^nx " comprising Ni as a main compo- 

tion to an increase in capacity is expected in the future. For this n rt Therefore, a module 
joined structure, having a smaller size and ^"'^^ units .animated on top of 

board which has been desired to appear » a h g^SlfnSr jofn ng units each comprise a joined 

one another, the number of joining units being larger *an ftat in he pnor art Thej g and epical 

structure comprising a combination of a oaranao < <**£XImZ "n view of the above situation, it is 
insulating properties with a conductor .ayer ^^^^SSSSS^ <™ '*™ afcn unit or ^ W m0re 
an object of the present invention to prov,de a ^^^'^^^Sng a basic structure comprising copper 

art technique, for high-power modules. 



45 Disclosure of Invention 
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[0016] .n oider to attain the above object, one type - X^S! ££S£SS 

SnJentL is a copper circuit-joined board having a basic joined J^^ZS^S^^ substrate and a 
or more joining units joined to each ^^^^SS on fte^raTsub^ate through an interposing 
conductor layer, comprising copper as a main ~ m P onent ' pr ^' Q ~ n ° " jongrtudinal direction) and width (that is. 
,ayer. wherein, in a., the joining unit* the length 0hat ,s joined interface of the conductor 

dimension in the lateral direction) in the P^f r ^"^^^^ZZr direction of the interposing layer, 
layer and the interposing layer are at least 0.05 mm Z not extended from the outer 

the outer peripheral side portion of the «^J^^^^^!S^ sSe porfon of the conductor layer 
peripheral side portion of the imerposing ^-^^^^ Xrposlng layer in at least one of the joining 
excluding the joined interface being exterided from ft^ 

^SSSSSXSSL e^SSTO — - - or - ioini - unite ioined to 
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each other or one another, the joining units each comprising a ceramic substrate and a conductor layer, comprising cop- 
per as a main component, provided on the ceramic substrate through an interposing layer, wherein, in all the joining 
units, the length (that is, dimension in the longitudinal direction) and width (that is, dimension in the lateral direction) in 
the planar direction of the conductor layer in the joined interface of the conductor layer and the interposing layer are at 
5 least 0.05 mm shorter than those in the planar direction of the interposing layer, the outer peripheral side portion of the 
conductor layer in the same joined interface being not extended from the outer peripheral side portion of the interposing 
layer, the side portion of the conductor layer being not extended from the side portion of the interposing layer in all the 
joining units. 

[0017] For each of the above first boards according to the present invention, the basic joining unit of the board com- 
10 prises an electrically insulating ceramic substrate, an interposing layer for joining, and a conductor layer comprising 
copper as a main component in that order from the substrate side. Therefore, in the lamination of two or more joining 
units of this type on top of each other or one another, the interposing layer is disposed on the conductor layer, and the 
ceramic substrate layer is then disposed on the interposing layer, followed by repetition of the lamination of these ele- 
ments in this order. 

is [0018] In all the joining units, for both the lengthwise direction and the widthwise direction, the dimension in the planar 
direction of the conductor layer in the joined interface of the conductor layer and the interposing layer are at least 0.05 
mm shorter than that in the planar direction of the interposing layer. Further, the outer peripheral side portion of the con- 
ductor layer in the joined interlace is not extended from the outer peripheral portion of the interposing layer. For the first 
type of the first board, in at least one of the joining units, the dimension in the lengthwise direction and/or the lateral 

20 direction of at least a part of the conductor layer excluding the joined interface of the conductor layer and the interposing 
layer is longer than that of the interposing layer and extended from the outer peripheral end of the interposing layer. The 
"joined interface of the conductor layer and the interposing layer" used herein refers to a portion where the conductor 
layer is in direct contact with the interposing layer. The "side portion of the conductor layer excluding the joined inter- 
face" refers to a side portion, of the conductor layer, where the conductor layer is not in direct contact with the interpos- 

25 ing layer. Therefore, for example, in the first board according to the present invention, when the number of joining units 
is one, in the joined interface where the conductor layer is in direct contact with the interposing layer, the outer periph- 
eral portion of the conductor layer is not extended from the outer peripheral portion of the interposing layer, as viewed 
from the direction of the lamination, that is, a direction perpendicular to the main plane of the laminate. On the other 
hand, in another portion of the conductor layer where the conductor layer is not in direct contact with the interposing 

30 layer, at least one site of the conductor layer is extended from the outer peripheral portion of the interposing layer (a 
protruded portion of the conductive layer described below). In the case of two units, only one unit may have the above 
construction, or alternatively, both the units may have the above construction. Next, for another type of the first board, 
in all the joining units, the side portion of the conductor layer is not extended from the side portion of the interposing 
layer. 

35 [0019] In this first board, a circuit pattern, in the direction of the main plane of the conductor layer, which serves as a 
circuit for connection to the external, may vary depending upon applications. Therefore, for a module board comprising 
one joining unit, the circuit may be formed on the whole main plane of the interposing layer, or alternatively may be 
formed on a part of the main plane. That is, the conductor layer may be absent on a part of the interposing layer. On 
the other hand, for a module comprising two or more joining units, if necessary, a joining unit comprising a conductor 

40 layer provided on a part of the interposing layer or having no conductor layer may be disposed. 

[0020] The second board according to the present invention is a preferred embodiment of the first board. The second 
board is such that, in the above basic structure, the angle of the side portion of the conductor layer to the joined inter- 
face of the conductor layer and the interposing layer is not more than 80°. When the extreme end unit of the laminate 
is the conductor layer, the main plane of the conductor layer opposite to the joined interface is a free surface on which 

45 nothing is present. In this case, the angle of this surface to the conductor layer in its side face is generally brought to 
not less than 80°. When another member or component is joined onto this surface, if necessary, the angle is previously 
brought to not more than 80°. 

[0021] The third board according to the present invention is one of preferred embodiments of the first and second 
boards. In the third board, the outer peripheral side portion of the conductor layer is step-formed. 
so [0022] In this type of the board, the height (or thickness) of the lowermost step joined to the interposing layer is not 
more than one-third of the thickness of the whole conductor layer. In some cases, the length of a collar portion of the 
lowest step portion in the joined interface of the conductor layer and the interposing layer in the planer direction is not 
less than half of the thickness of the whole conductor layer. 

[0023] The fourth board according to the present invention is one of further preferred embodiments of the first and 
55 second boards. Specifically, the fourth board is such that, in the first or second basic structure, an outer layer compris- 
ing nickel as main component is provided on the whole outer surface of the conductor layer and the interposing layer. 
This outer layer is not formed on the ceramic substrate in its exposed outer surface except for a portion where the inter- 
posing layer has been formed. In some cases, if necessary, the outer layer is formed on a part of the conductor layer 
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and the interposing layer. In the case of a laminate structure comprising two or more joining units, the outer layer is often 
provided on the outer surface of the ceramic substrate layer in the second or later unit. In any event, the outer layer may 
be provided in any arrangement so far as the localization/concentration of the thermal stress as a whole board can be 
eliminated and, in addition, neither warpage nor the damage to the substrate occur during preparation and during actual 
5 use. 

[0024] The board according to the present invention has the above four basic structures. There are several embodi- 
ments regarding the fundamental composition and disposition of the interposing layer for joining the conductor layer to 
the ceramic substrate. According to the first embodiment, the interposing layer comprises a layer of a brazing material 
comprising at least one of silver (Ag) and copper (Cu) as a main component and an active metal. When the interposing 

10 layer comprises the brazing material layer, the interposing layer may consist of the brazing layer alone. Alternatively, the 
interposing layer may comprise the brazing material layer and a layer of a low-melting metal, having a melting point of 
1 ,000°C or below, comprising as a main component at least one member selected from the group consisting of nickel, 
iron, and copper in that order from the substrate side. Further, the interposing layer may comprise a high-melting met- 
allizing layer comprising a high-melting metal as a main component and the brazing material layer in that order from the 

15 substrate side. The brazing material layer may contain an active metal. In general, the active metal is preferably a group 
IVa or Va metal. According to the second embodiment, the interposing layer comprises the layer comprising a high- 
melting metal as a main component and the low-melting metallizing layer in that order from the substrate side. When 
the high-melting metallizing layer is formed as a layer for constituting the interposing layer on the substrate, preferably, 
the high-melting metallizing layer on its side opposite to the substrate has a surface roughness Ra of not more than 4 

20 urn. The low-melting metallizing layer used in the above interposing layer may be formed of an Ni-P-based or Ni-P- 
based plating layer. 

[0025] When the interposing layer has a two-layer structure, the two layers may not be always identical to each other 
in the length and width in the planar direction. For example, when the high-melting metallizing layer and the low-melting 
metallizing layer are laminated, the dimensions of the former may be larger than those of the latter. Although the thick- 

25 ness of the interposing layer may vary depending upon the size of the substrate (in general, the total thickness of the 
interposing layer should be increased with increasing the dimension in the planar direction of the main plane of the sub- 
strate on which the interposing layer is to be formed), it should be at least several ^irn. In general, for the brazing mate- 
rial layer and the high-melting metallizing layer, the thickness is advantageously about 3 to 50 urn, and, for the low- 
melting metallizing layer, the thickness is advantageously about 2 to 40 jxm. 

30 [0026] In the board according to the present invention, preferably, the thickness of the conductor layer and the thick- 
ness of the substrate are previously set so that they can satisfy the inequality y ^ 0.5x + 0.48 wherein x represents the 
thickness of the conductor layer, mm, and y represents the thickness of the ceramic substrate, mm. 
[0027] The substrate is preferably made of a material having high thermal conductivity and puncture voltage. Pos- 
sessing excellent mechanical strength and toughness in addition to these properties is preferred. Further, with expan- 

35 sion of use environments under which this type of the board is used, possessing excellent resistance to moisture and 
gas atmosphere besides the above properties is of ever-increasing importance. In view of the above, according to the 
present invention, an aluminum nitride (AIN) or silicon nitride (Si 3 N 4 ) is advantageously selected as the ceramic for the 
substrate. Depending upon load capacity and service conditions, various ceramics, such as a ceramic consisting of a 
single main component of alumina (Al 2 0 3 ) or the like and a ceramic of a composite comprising several main compo- 

40 nents, may be selected. 

[0028] According to the present invention, there is provided a process for preparing a copper circuit-joined board com- 
prising the steps of: (1) providing a ceramic substrate; (2) providing conductor materials (I) and/or (II), the length and 
width in the planar direction of the conductor materials (I) and (II) each in its portion to be directly joined to the interpos- 
ing layer being at least 0.05 mm shorter than those in the planar direction of the interposing layer, the conductor mate- 

45 rial (l) being in such a form that, after joining, at least a part of the end in the planar direction of the portion not to be 
joined directly to the interposing layer is extended from the end of the interposing layer, the conductor material (II) being 
in such a form that, after joining, the portion not to be joined directly to the interposing layer in the planar direction is not 
extended from the end of the interposing layer; (3) selecting the materials (I) and/or (II), for each lamination unit, as a 
predetermined conductor layer material, disposing a material for the interposing layer between the substrate and the 

so conductor layer material or between conductor layers to prepare a predetermined joining unit, and then providing the 
joining unit by one as an joining assembly or repeatedly laminating the joining unit twice or more on top of each other 
or one another to prepare a joining assembly; (4) heating the assembly in the temperature range of the melting point of 
the component(s) of the interposing layer to below the melting point of the conductor layer material to form a joined 
body; and (5) finishing the joined body. 

55 [0029] The step (1 ) of providing the ceramic substrate involves the step of forming a high-melting metallizing layer on 
the ceramic substrate, that is, the step of preparing the so-called "metallized ceramic substrate." The metallized ceramic 
substrate may be prepared by the so-called "post firing metallization method" wherein a paste containing a high-melting 
metal is applied onto a sintered ceramic substrate by printing as described below, and then fired, or by the so-called 
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"cofiring metallization method" wherein the same paste as described above is applied onto a green compact of a start- 
ing material for the ceramic by printing and fired simultaneously with sintering of the ceramic. In the present invention, 
the post firing metallization method will be often referred to simply as a post firing method, and the cofiring metallization 
method simply as a cofiring method. 

[0030] In the second board according to the present invention, the angle of the side portion of the conductor layer to 
the joined interface of the conductor layer and the adjacent interposing layer is finally regulated to not more than 80°. 
In the third board according to the present invention, a step is finally provided on the side of the conductor layer. The 
above regulation is carried out in the step (2) of providing a material for the conductor layer, or in the step (4) of finishing, 
depending upon the form of the circuit of the conductor layer. 

[0031] In the fourth board according to the present invention, a layer comprising Ni as a main component is finally 
provided on the outer surface of the conductor layer and the interposing layer. This is generally carried out in the step 
(4) of finishing. In this case, however, a conductor layer may be previously formed by plating or printing and baking and 
the like and used also as an interposing layer for forming a joined assembly. The step (4) of finishing involves, besides 
the above steps, the step of surface treatment and finishing of the dimension and surface and various related steps nec- 
essary for mounting of semiconductor ICs and other components and members. 

[0032] Further, according to the present invention, there are provided a semiconductor device comprising a semicon- 
ductor element which has been die-bonded to a copper circuit-joined board having various joined structures as 
described above, and a cooling system having the semiconductor device connected thereto. 

20 Brief Description of the Drawings 

[0033] 

Fig. 1 is a schematic diagram showing a comparison example of the present invention wherein a part of the main 
25 plane of the conductor layer is extended from the main plane of an interposing layer underlying the conductor layer; 
Fig. 2 is a schematic diagram showing the basic joined structure of a conventional board; 

Fig. 3 is a schematic diagram showing an embodiment of the basic joined structure of the board according to the 
present invention; 

Fig. 4 is a schematic diagram showing an embodiment of the basic joined structure of the board according to the 
30 present invention; 

Fig. 5 is a schematic diagram showing an embodiment of the basic joined structure of the board according to the 
present invention; 

Fig. 6 is a diagram illustrating a method for measuring the peel strength of a joined portion of the board according 
to the present invention; 

35 Fig. 7 is a schematic diagram showing a semiconductor device with a semiconductor element mounted thereon 
using a board, according to the present invention, prepared in Example 7; 

Fig. 8 is a schematic diagram showing a semiconductor device using a board, according to the present invention, 
prepared in Example 7; 

Fig. 9 is an enlarged schematic cross-sectional view showing joining between a conductor layer and an interposing 
40 layer, according to the present invention, prepared in Example 4; 

Fig. 10 is an enlarged schematic cross-sectional view showing joining between a conductor layer and an interpos- 
ing layer, according to the present invention, prepared in Example 4; 

Fig. 1 1 is a schematic diagram showing embodiments of the formation of a conductor layer in the board according 
to the present invention; 

45 Fig. 1 2 is a schematic diagram showing an embodiment of the basic joined structure of the board according to the 
present invention; 

Fig. 1 3 is a schematic diagram showing an embodiment of the basic joined structure of the board according to the 
present invention; 

Fig. 14 is a schematic diagram showing an embodiment of the basic joined structure of the board according to the 
so present invention; 

Fig. 15 is a schematic diagram showing embodiments of the formation of a conductor layer in the board according 
to the present invention; 

Fig. 1 6 is a schematic diagram showing embodiments of the formation of a conductor layer in the board according 
to the present invention; and 

55 Fig. 1 7 is a schematic diagram showing a cooling system using a semiconductor device with the board according 
to the present invention mounted thereon. 
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[0034] The first copper circuit-joined board according to the present invention is a copper cirou. -joined board having 
a bas c structure comprising one joining unit or a laminate of two or more joining units joined to each other or one 
anoSTelS^ fuhrts each comprising a ceramic substrate and a conductor layer, comprising copper as a main 
component ^provid'ed on the ceramic substrate through an interposing .ayer. Specially, the 

comprises a laminate of units of (substrate layer-interposing layer-conductor layer), or repe atedly Jan,nated I un its, hte 

^substrate layer-interposing layer-conductor layer) In the case of the laminate, one or both ends o on board may 

be terminated with any of the conductor layer, the interposing layer, and the substrate. In this case, for all the 
units, identical materials are generally used respectively for the conductor layer, the interposing layer. «^«***» 
Ler If necessary, however, for lamination units, dissimilar materials may be used in combination. According Mo £e 
boaTd o"the present invention, having the above basic structure, in the joined interface of the conductor layer and he 
frXmoSng tajer. the length (that is. dimension in the longitudinal direction) and the width (that is. dimension ,n the lat- 
e^Tct?on)Tn the planar direction of the conductor layer are at leastO.05 mm shorter than those ^he Pfcnar direc- 
tion of the interposing layer, and the peripheral side portion of the conductor layer (,n the .^e joined .nte^ce^ k not 
extended from the peripheral side portion of the interposing layer. Further, apart from this, .n the first type of the first 
b^accoTdTng to «* present invention, in at .east one lamination unit, at least a part of the s.de portion of the con- 
d^orta^e exduding the joined interface being extended from the side portion of the interposing layer. In another type 
o^fS board according to the present invention, in all the joining units, the side portion of the conductor layer ■ inot 
extendS f rom the side portion of the interposing layer. Thus, the board acceding to the present identic* £ copper 
circuit-joined board particularly having a basic joined structure of which the conductor layer is in a 
[0035] According to the board of the present invention, as described above, the outs.de dimension of the conductor 
on teTnSace where the interposing layer is joined directly to the conductor layer, is smalL In several lam.na.on 
units however any site of the conductor layer in its portion not located on the joined interface of the conductor layer and 
thelnSosing layer, has a larger outside dimension than the interposing layer. The site having the <*» 
serves also as a terminal for output to the external when the board is incorporated in a semiconductor device. There- 
fore various shapes are considered for the conductor layer in its site having a large size. 

SSef RegaSng the first type of the first boaixi, for example. Fig. 1 1 shows the cross-section of several possible 
embodiments of a board having a joined structure comprising two lamination units. The board shown in Rg. 1 1 (a) is 
JuchThat ^conductor layer 3b prepared by laminating two sheet materials on top of each other is disposed just on a 
substrate 1b as a lowermost .ayer. The materia, for the smaller sheet constituting the conductor layer may be a sheet 
Alternatively, the smaller sheet constituting the conductor layer may be formed as a thick-film layer using a copper paste 
orThe like on a materia, for the larger layer constituting the conductor layer. Both the matenals may be united I by inter- 
posing a brazing material layer or a plating between these materials. In joining an interposing layer 2c ™^»^™» 
lb as the lowermost layer to the conductor layer 3b. having a protruded portion 1 7. provided just orUhe interposing layer 
2c. ! ece^18 as shown in the drawing may be previously provided in the base of the P rafr ^^SX?2' 
plastic working or other method. This can render the dimension of the conductor layer 3b s ^»^^ *f ^ 
posing layer 2c in the joined interface of the conductor layer and the interposing layer. Various shapes of the recess are 
£S.e For example, the base of the protruded portion may be worked into various shapes as showr in enterged 
views ((d) (e) and (f)) given in the lower part of Fig. 1 1 . Further, the joining portion for lamination can be worked, tor 
exTmrie as shown n (g). (h). and (i). In Fig. 1 1 (b). a small step 1 8 is provided in the peripheral portion in the joined 
See or .the™ perSrice (facing the upper substrate) of the conductor layer 3b ^^TZZZ 
the lowermost layer. This step may be previously formed by etching, plastic working or other melhod The Protruded 
portion 17 of the conductor layer shown in the same drawing can be freely bent at ^ ^.^^J^SSX 
structure. Fig. 11 (c) shows another embodiment of the joined structure. Another type of the f,rsi board according to the 
present invention is based on a joining unit as shown in Rg. 3. According to the board of flne P™*™^/** 
described above, on the joined interface of the conductor layer and the interpos.ng layer the size of the conductoMayer 
is necessarily smaller than that of the adjacent interposing layer. Even when the size of the conductor layer in .to portion 
other than the joined interface is larger than that of the interposing layer, the fundamental effect of d^rang and fax- 
ing the thermal stress can be attained. When the number of joining units is one the material (I) .s selectee asthe ^mate 
risd for the conductor layer from the two materials and is used as at least one layer. In th.s case, the conductor ayer is 
indicated for example, by 3b in Fig. 11. When the number of joining units is two or more, the conductor layer of the 
material (I) may be used in the lowermost lamination unit only, or alternatively may be. if necessary, used .n two or more 

55 ^ l 7] ti °For li Sample Figs. 11 (a) to (c) show boards each comprising two joining units. In this case, the conductor 
[ay^r correspS 

looSr Apattern of the conductor layer (that is. a copper circuit) as viewed from the top may be varied according to 
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applications o1 the board for modules. Embodiments of the pattern are shown in Fig. 15. 

[0039] In Fig. 1 5, reference numerals are given according to Fig. 1 1 . Fig. 1 5 (d) is a cross-sectional view of the board. 
In this structure, the joined structure in the second unit (lower unit) is the same as that shown in Fig. 1 1 (c). However, 
the joined structure in the second unit( upper unit) is different from the joined structure in the second joining unit shown 
s in Fig. 1 1 (c). Fig. 1 5 (c) is a diagram showing this board as viewed from the top. The second unit shown in Fig. 15 (b) 
is put on top of and joined to the first unit shown in Fig. 15 (a). In this connection, it should be noted that, as shown in 
Fig. 15 (d) (cross-sectional view), an interposing layer 2b is provided on the backside of the second unit, of the board, 
shown in Fig. 15 (b). 

[0040] In the second unit of the board, a second conductor layer 3a is provided on the left side. On the other hand, 

io an interposing layer 2a divided into three patterns is formed on the right side. A circuit pattern of the conductor layer is 
not provided on the interposing layer 2a divided into three patterns. In Fig. 1 5 (a), numeral 1 8 designates a recess por- 
tion as shown in Fig. 15 (d) (cross -sectional view). Regarding the circuit pattern of the conductor layer, in some cases, 
for example, only the interposing layer is provided on the second ceramic substrate with no circuit pattern of the con- 
ductor layer provided on the interposing layer. 

is [0041] Ceramic sintered bodies usable as the substrate include, for example, one comprising alumina, aluminum 
nitride, or silicon nitride as a main component. These sintered bodies are prepared by adding a conventional sintering 
aid, such as a compound of a rare earth element, such as Y 2 03, a compound of an alkaline earth metal, such as CaO, 
or a compound of various transition metal elements, such as Si0 2 or Ti0 2( and conducting sintering. The relative den- 
sity of the sintered body is not less than 95%, preferably not less than 98%. The thermal conductivity of these ceramics 

20 is generally on the above level. However, the higher the thermal conductivity of the ceramic, the better the results. Pref- 
erably, the thermal conductivity is not less than 20 W/m • K for a ceramic comprising alumina as a main component, not 
less than 100 W/m • K for a ceramic comprising aluminum nitride as a main component, and not less than 30 W/m • K 
for a ceramic comprising silicon nitride as a main component. More preferably, the thermal conductivity is not less than 
40 W/m • K for a ceramic comprising alumina as a main component, not less than 1 50 W/m • K for a ceramic comprising 

25 aluminum nitride as a main component, and not less than 60 W/m • K for a ceramic comprising silicon nitride as a main 
component. 

[0042] Among ceramics for the substrate, particularly silicon nitride ceramics, unlike aluminum nitride ceramics, is 
less likely to undergo a change of properties upon exposure to water or an alkali, that is, has excellent environmental 
resistance, and in addition has excellent electrical insulating properties and mechanical strength. In particular, the 

30 mechanical strength of the silicon nitride ceramics is considerably higher than that of the aluminum nitride ceramics and 
hence has attracted attention as a substrate for the circuit board of the present invention. By virtue of the excellent 
mechanical strength, for example, when this ceramic is used in a board that radiates heat toward the thicknesswise 
direction of the substrate, the thickness of the substrate can be reduced. Therefore, although the thermal conductivity 
of silicon nitride is smaller than that of aluminum nitride, a substantially low thermal resistance value can be advanta- 

35 geously obtained. Further, a reduction in thickness per substrate can realize an increase in integration density and an 
increase in capacity of a circuit board comprising multiple laminated substrates. Reducing the oxygen content in the 
crystal grain of Si 3 N 4 may be mentioned as one means for providing a silicon nitride ceramic having high thermal con- 
ductivity and high strength. Means necessary for promoting deoxidation of the crystal grain is such that (1) the content 
of oxygen in the starting material is lowered and (2) the amount of a compound of a rare earth element, an alkaline 

40 earth element, a group IVa element or the like, which has hitherto been added as a sintering aid and functions as an 
deoxidizer, is regulated to a suitable amount, accelerating the transformation of the crystal grain to p crystal. The target 
content of oxygen in the crystal grain of Si 3 N 4 is not more than 10% by weight, preferably not more than 5% by weight, 
more preferably not more than 1% by weight. (3) Minimizing the amount of a cationic component, which dissolves in 
solid solution in the crystal grain and lowers the inherent thermal conductivity, particularly the amount of an aluminum 

45 compound capable of forming a sialon, is also one of the means for reducing the oxygen content. The amount of the 
cationic component is preferably reduced to not more than 1% by weight in terms of oxide based on the sintered body. 
[0043] Silicon nitride ceramics, which can be advantageously used as the substrate for the circuit board according to 
the present invention, include, for example, those, as described in Japanese Patent Laid-Open No. 69672/1997 noted 
above, prepared by taking the above items (2) and (3) into consideration. By contrast, as described above, the thermal 

so conductivity of silicon nitride ceramics which have hitherto been developed while taking priority to an improvement in 
mechanical strength (in the present invention, this type of ceramic will be hereinafter referred to as the "conventional 
silicon nitride ceramic"), is about 50 W/m • K at the highest As disclosed in the above publication, however, silicon 
nitride ceramics having a thermal conductivity of not less than 50 W/m • K and a f lexural strength of not less than 600 
MPa have recently been developed (in the present invention, this type of ceramic will be hereinafter referred to as a 

55 "high-thermal conductivity silicon nitride ceramic"). In particular, some of silicon nitride ceramics, wherein the rare earth 
element in the grain boundary phase is a lanthanide element and the grain boundary phase contain compounds of an 
alkaline earth element or a group IVa element in minor amounts, have a thermal conductivity of not less than 1 50 
W/m • K and a f lexural strength of not less than 1 ,000 MPa. It has been confirmed that use of the silicon nitride ceramic 
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having high strength and high thermal conductivity, as described above, as a substrate for the circuit board according 
to the present invention, can provide a circuit board that, as compared with a circuit board using an aluminum nitride 
ceramic substrate having the same length and width as the silicon nitride ceramic, even in the case of a thickness o 
about 70% of the thickness of the aluminum nitride ceramic, can satisfactorily withstand thermal shock and mechanical 
5 load during actual use and possesses excellent environmental resistance. Further, it has been confirmed that, in these 
ceramics, even complicate forms of various structures pose no practical problem in various types of metallization. 
[0044] When a high-melting metallizing layer is formed on the surface of the substrate, a layer for accelerating the 
bonding between these metals may be formed on the substrate in its face on which the high-melting metallizing layer is 
to be formed. Components usable for this layer include, for example, oxides usable as the sintering aid for the substrate. 
w In the case of a substrate comprising as a main component aluminum nitride or silicon nitride, in some cases, after the 
surface of the substrate is previously oxidized, a layer comprising the oxide as a main component is formed. Among the 
above ceramics, a ceramic comprising as a main component aluminum nitride or silicon nitride possessing excellent 
heat radiation and thermal shock is preferred. A ceramic comprising aluminum nitride as a main component is particu- 
larly preferred. In order to reduce the thermal resistance of the substrate, the thickness of the substrate should be min- 
ts imized. For this purpose, for example, the flexural strength of the ceramic is preferably not less than 400 MPa for a 
ceramic comprising aluminum nitride as a main component and not less than 700 MPa for a ceramic comprising silicon 
nitride as a main component. 

[0045] Examples of materials, comprising copper as a main component, used as the conductor layer include copper, 
such as oxygen-free copper and tough pitch copper or its alloys, composite alloys of copper, such as copper-molybde- 
20 num-base, copper-tungsten-base, and copper-molybdenum-tungsten-base composite alloys, and clad materials hav- 
ing both high electrical conductivity and low coefficient of thermal expansion, such as copper-molybdenum-copper If 
necessary, an enclosure material used in a semiconductor device, for example, an Fe-Ni-Co-base alloy, such as Kovar, 
an Fe-Ni-base alloy, such as 42 alloy, Ni or an Ni-base alloy, Cu or a Cu-base alloy, W, Mo, or a W- or Mo-base alloy, 
may be joined directly or indirectly onto the conductor layer. 

[0046] Further, as described above, the conductor layer in its main plane joined directly to the interposing layer has 
smaller outside dimensions than the main plain of the interposing layer provided just under the conductor layer. More 
specifically, in the planar direction, the size of the above main plane in both the lengthwise and widthwise directions is 
at least 0.05 mm shorter than that of the interposing layer provided just on or under the conductor layer, and, after join- 
ing as viewed from a direction perpendicular to the main plane (that is. planer direction) (that is, as viewed from the 
top) the peripheral side portion is not extended from the end of the interposing layer provided just on or under the con- 
ductive layer. In this case, the size is particularly preferably shorter by 0.05 to 1 mm. In this case, care should be taken 
so as not to cause such an unfavorable phenomenon that, although the length and width of the main plane of the con- 
ductor layer as a circuit of copper are shorter than those of the interposing layer, for example, as shown in Fig. 1 (a 
schematic diagram of a taken-off portion of a joint between the conductor layer and the interposing layer), the joining 
35 position is shifted after joining, causing the peripheral portion of the conductor layer to be extended from the interposing 
layer in the joined interface. In Fig. 1 (a), the conductor layer 3 is shifted in the left horizontal direction and extended 
from the left end of the interposing layer 2 provided just under the conductor layer. On the other hand, in Fig. 1 (b), the 
conductor layer 3 is slantingly shifted, and a part of the conductor layer is extended from the end of the interposing layer 
2 provided just under the conductor layer. When the assembly is constructed so that, as viewed from above the con- 
40 ductor layer 3 after joining, the outer peripheral portion of the conductor layer is not extended from the interposing layer, 
it is possible to prevent such an unfavorable phenomenon that the thermal stress is concentrated on the conductor layer 
in its portion extended from the interposing layer in the joined interface of the conductor layer and the interposing layer, 
leading to damage to the extended portion, and, during energization, a discharge phenomenon occurs between the 
conductor layer and the substrate. In order to maintain electrical insulation between the top surface of the substrate and 
the back surface of the substrate, the outer peripheral size of the interposing layer is preferably shorter than that of the 
substrate. This can prevent damage to the substrate due to concentration of the thermal stress on the edge portion of 
the substrate. 

[0047] Fig. 2 (a) is a diagram of a taken-off joined portion of this type of the conventional board as viewed from a direc- 
tion perpendicular to the joined main plane. In this case, the interposing layer 2 does not extend from the conductor 
layer 3 toward the outer periphery of the board. By contrast, according to the board of the present invention, as viewed 
from the same direction, as shown in Fig. 3 (a), the interposing layer 2 is extended from the conductor layer 3 toward 
the outer peripheral side of the substrate 1. In the conventional joined structure, the thermal stress created by the dif- 
ference in coefficients of thermal expansion between the conductor layer 3 and the substrate 1 is concentrated on the 
end portion 4 of the interposing layer 2 of the board shown in Fig. 2 (b) (cross-sectional view). Therefore, this portion of 
the ceramic is likely to be cracked. On the other hand, according to the present invention, the created thermal stress is 
dispersed through the interposing layer in the outward of the substrate. Therefore, the above portion of the ceramic is 
not substantially cracked. Further, as compared with the conventional joined structure, heat generated from the circuit 
of the conductor layer is more widely spread and transmitted toward the outer peripheral direction of the substrate. This 
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can prevent the temperature of the end portion of the interposing layer from being raised, reduce the influence on the 
cracking of the substrate, improve heat dissipation during actual use, and reduce the thermal resistance of the whole 
board. 

[0048] The sectional form of the side of the conductor layer may be curved and protruded outward or inward. In order 
5 to avoid the discharge phenomenon, both the side and the main plane are preferably as smooth as possible. In partic- 
ularly, Rmax is preferably not more than 20 pm. For the same reason, preferably, ridges and corners of the conductor 
layer are free from protrusions, such as burrs, and the ridges and the corners are preferably formed so as to have a 
slightly curved surface. 

[0049] The above effect of the present invention, that is, the effect of preventing the discharge phenomenon and. at 
w the same time, preventing cracking of the ceramic substrate due to local concentration of the thermal stress, can be fur- 
ther improved by the structure of the above second board, that is, by bringing the angle of the outer peripheral side of 
the main plane of the conductor layer to the main plane of the interposing layer provided just on or under the conductor 
layer to not more than 80°. As described above, however, when one main plane of the conductor layer is located at the 
outer peripheral end of the board, the angle of this plane to the side is preferably brought to not less than 80°. The effect 
15 derived from the inclination of the side portion of the conductor layer is exerted through substantially the same mecha- 
nism as described above. The structure having a conductor layer with the side face being inclined at an angle is sche- 
matically shown in Fig. 4. Fig. 4 (b) is an enlarged view of the section of the end portion in the Fig. 4 (a). In the drawing, 
when the conductor layer 3 is provided in the middle of the laminate structure, both e 1 and 0 2 are generally brought to 
not more than 80°. On the other hand, when the conductor layer is provided at one end of the laminate structure, in gen- 
20 eral, 9-, is brought to not more than 80°, while e 2 is brought to not less than 80 °. Figs. 9 and 10 are variants of these 
embodiments. In Fig. 9, the side face of the conductor layer 3 is protruded in the outer peripheral direction. On the other 
hand, Fig. 1 0, the side face of the conductor 3 is recessed. 

[0050] The structure of the above-descrtoed third board, that is, a structure wherein the outer peripheral side portion 
of the main plane of the conductor layer is step-formed, also can reduce damage to the substrate caused by the thermal 

25 stress. Further, in this case, regulation of the height (thickness) of the step in the lowermost layer and the length thereof 
in the planar direction (direction of the main plane) in the step-formed side position can also relax the thermal stress 
applied to the substrate created by thermal expansion and thermal shrinkage of the conductor layer. A structure partic- 
ularly having excellent thermal cycle shock resistance can be provided, for example, by bringing the height (thickness) 
of the step in the lowermost layer to not more than one-third of the thickness of the whole conductor layer and, at the 

30 same time, bringing the length of the lower collar portion in the planar direction (direction of the main plane) in the same 
step to not less than half of the thickness of the whole conductor layer. This conductor layer may be worked into a 
desired form by press molding or etching. An embodiment thereof is shown in Fig. 16. The structure shown in Fig. 16 
is simple and comprises only one joining unit. Fig. 16 (a) is a top view of the structure as viewed from the top of the 
conductor layer, wherein u and w are the length in the direction of the main plane of the lower collar portion of the con- 

35 ductor layer. Fig. 16 (b) is a cross-sectional view of Fig. 1 6 (a), wherein to and t are the total thickness of the conductor 
layer and the height of the lower step portion, receptively. In this drawing, the above dimensions preferably satisfy three 
requirements represented by the following inequalities: t £ to/3, u ^ (1/2)to, and w ^ (1/2) to- 

[0051] According to the board of the present invention, the interposing layer may comprise a brazing material layer 
comprising at least one member, selected from Ag and Cu, as a main component and an active metal. The active metal 
40 contained in the brazing material is mainly a group IVa or Va element metal. A group IVa element metal is particularly 
preferred. This metal can markedly improve the wettability of the components of the brazing material layer with the com- 
ponents of the conductor layer and the high-melting metallizing layer or the like provided respectively on both sides 
thereof. 

[0052] When the brazing material layer containing an active metal is present in the interposing layer, the interposing 
45 layer may consist of the brazing material layer alone. However, provision of a layer of a low-melting metallizing layer, 
comprising at least one member selected from the group consisting of Ni, Fe, and Cu, as a main component and having 
a melting point of 1 ,000°C or below, on the brazing material layer, as compared with the case where the interposing 
layer consists of the brasing material alone, can further promote the relaxation of the thermal stress created due to a 
difference in coefficients of thermal expansion between the conductor layer and the substrate. 
so [0053] When the interposing layer has the above two-layer structure comprising the brazing material layer and the 
low-melting metallizing layer, several joining units of the basic structure may be put on top of each other or one another 
so as to provide a laminate of two or more units. When the number of lamination units is excessively large, the thermal 
stress of the interposing layer per se becomes large. Further, in this case, the provision of the interposing layer often 
results in lowered heat dissipation of the whole member. Since the effect of relaxing the thermal stress increases with 
55 increasing the area of the main plane of the conductor layer, in some cases, a relatively large number of joining units of 
the interposing layer are used. For this reason, the number of joining units of the interposing layer should be properly 
determined according to the area of the main plane of the conductor layer and the load during use. In general, prefera- 
bly, the thickness of the brazing material layer and the metallizing layer for each joining unit of the interposing layer are 
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each unit is still preferred. When the On the 

vided particularly in the case of a single layer structure u mak "J™^~J heat dissipa 4 n of the whole member 
other hand, when the thickness exceeds 40 ^' f per unit is preferably min- 

is likely to lower. When the number of joining units of the laminate is large, tne layer imci^e* P 
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these mam m ^^ s ^^J^^ 'J, C ^ eutectic compound at a low temperature. Examples of 
capable of comb.ri.ng with the above components j » ™^~V as B Al and In and group Vb elements, such as 
auxiliary components usable herein mclude group I lb element suchas ft Al, anajvjna g P wg 

ttnpnu. olth. mm ,« ?£Zi£Z£££zL. and ft. metallizing layar 

about 5 to 20 urn. When the th.ckness is less than 3 ^m, 1™"^ ™^™°" ° 9 otner hand when the thickness 

described above in connection with Fig 16. im , errtion after the above first or second board is formed, as 

[0058] According to the fourth board of the present ,rr*ent.on aftertne *amm o as ^ 

shown in Fig. 5 (a schematic cross-sectional view of « part ^J"*^^^^*. «P°" surface 
component is optionally formed on the top surface and side ^^^^^^JSLt 1 • The provision of 
of the interposing .ayer 2 provided just under the '"^J^^^^J^^SL improve the effect 
the outer layer can improve the corrosion resistance o the "^^^^iJ conductor layer 3 against the 
of relaxing the thermal stress. Specifically, the outer layer can MP^cttt* S^lTiStante >the above effect, the 
environment, particularly can inhibit the prog, ™ iT^^n coefficients of thermal 
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less than 2 ^m, there is a possibility that the effect of relaxing the thermal stress is unsatisfactory. On the other hand, 
when the thickness exceeds 40 |im, the dissipation of heat from the surface of the conductor layer is deteriorated. 
[0060] In the board according to the present invention, for each lamination unit, the interposing layer may comprise a 
high-melting metallizing layer comprising a high-melting metal as a main component and a layer of a low-melting metal 

5 comprising at least one member, selected from the group consisting of Ni, Fe, and Cu, as a main component and having 
a melting point of 1 .000 °C or below in that order from the substrate side. According to this joined structure, the inter- 
posing layer is free from the brazing material layer. The composition and preferred thickness of the high-melting metal- 
lizing layer provided directly on the substrate may be the same as described above. Also in this case, as described 
above, several joining units of the basic structure of the interposing layer may be put on top of each other or one another 

w so as to provide a laminate of two or more units. The substrate used, embodiments of the low-melting metallizing layer 
provided on the high-melting metallizing layer, and several effects, such as relaxation of thermal stress, exerted by this 
joined structure are the same as described above. 

[0061] Thus, the board of the present invention has four basic structures. Regulation of the relationship between the 
thickness of the ceramic substrate and the thickness of the conductor layer within a specific range can also relax the 

75 thermal stress created due to the expansion and contraction of the conductor layer caused by heat, enabling the pre- 
vention of damage to the ceramic substrate. Specifically, the thickness of the ceramic substrate and the thickness of the 
conductor layer are set so as to satisfy the requirement y * 0.5x + 0.48 wherein y represents the thickness of the 
ceramic substrate, mm, and x represents the thickness of the conductor layer, mm. This can reduce the degree of warp- 
age of the whole board when the conductor layer is provided only on the ceramic substrate or only under the ceramic 

20 substrate or when the outside dimensions of the conductor layer provided on the substrate are remarkably different from 
those of the conductor layer provided under the substrate. This in turn enables the board of the present invention to be 
joined to other component(s) by soldering or the like or to be mechanically attached to, for example, the body of a cool- 
ing system with high reliability. 

[0062] The process for preparing a copper circuit-joined structure according to the present invention will be described. 

25 The preparation process comprises the steps of: (1) providing a ceramic substrate; (2) providing conductor materials (I) 
and/or (II), the length and width in the planar direction of the conductor materials (I) and (II) each in its portion to be 
directly joined to the interposing layer being at least 0.05 mm shorter than those in the planardirection of the interposing 
layer, the conductor material (I) being in such a form that, after joining, at least a part of the end in the planar direction 
of the portion not to be joined directly to the interposing layer is extended from the end of the interposing layer, the con- 

30 ductor material (II) being in such a form that, after joining, the portion not to be joined directly to the interposing layer in 
the planar direction is not extended from the end of the interposing layer; (3) selecting the materials (I) and/or (II), for 
each lamination unit, as a predetermined conductor layer material, disposing a material for the interposing layer 
between the substrate and the conductor layer material to prepare a predetermined joining unit, and then providing the 
joining unit by one as an joining assembly or repeatedly laminating the joining unit twice or more on top of each other 

35 or one another taprepare a joining assembly; (4) heating the assembly in the temperature range of the melting point of 
the component(s) of the interposing layer to below the melting point of the conductor layer material to form a joined 
body; and finally (5) finishing the joined body. When the conductor layer is laminated as shown in Fig. 1 1 (a), it is pos- 
sible to use a method wherein, in the step (3), a plurality of materials for the conductor layer are put on top of each other 
or one another. In this case, the above interposing layer of a brazing material or the like may be interposed therebe- 

40 tween. 

[0063] The ceramic substrate may be one that conforms to the above specifications. The substrate is generally pre- 
pared, for example, by providing a powder of a main component such as AIN, Si 3 N 4 , or Al 2 0 3 , mixing the powder with 
a powder of various sintering aids as described above, molding the mixed powder, sintering the compact, and finishing 
the sintered body to a predetermined shape. Thereafter, if necessary, the above pretreatment for accelerating the met- 
45 allization, for example, the formation of an oxide layer on the surface thereof, is carried out on the surface which is to 
have thereon the interposing layer. 

[0064] In general, the high-melting metallizing layer may be previously formed on the ceramic substrate by the follow- 
ing two methods. One of these methods is the so-called "post firing method" wherein a high-melting metal paste com- 
prising the above components and. incorporated therein, an organic binder and an organic solvent is applied onto a 

so substrate of a ceramic sintered body, prepared as described above, by printing and the coated substrate is then fired in 
a nonoxidizing atmosphere. The other method is the so-called "cofiring method" wherein the same high-melting metal 
paste as described above is applied onto a green compact of the mixed powders by printing in the course of the prep- 
aration of the substrate and the coated compact is then fired in a nonoxidizing atmosphere to sinter the ceramic and, at 
the same time, to form a high-melting metallizing layer. The latter method is industrially advantageous because, as 

55 compared with the former method, the latter method has lower production cost and higher strength of joining between 
the high-melting metallizing layer and the substrate. 

[0065] In a conventional method for forming a brazing material layer, comprising at least one member selected from 
Ag and Cu as a main component and an active metal, on the ceramic substrate comprises the steps of: printing and 
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applying a brazing material paste, comprising the above metals and. incorporated therein, an organic binder and an 
organic solvent, onto the ceramic substrate and f iring the coated substrate in a vacuum of not more than 1 0 Tom The 
formation method is not limited to this only, and various other methods may be used. Examples thereof include plating, 
coating by thermal spraying, vapor deposition, dip coating, and interposition/cladding of a foil. 
[0066] However, the coating by printing is most effective from the viewpoint of layer production efficiency and ensuring 
quality such as layer thickness. When the conductor layer is joined to the substrate while interposing on y the braz.ng 
material layer therebetween, the formation of the brazing material layer is carried out simultaneously with the joining. 
Prior to the formation of the brazing material layer, a high-melting metallizing layer may be formed on the ceramic sub- 
strate by the above method. As compared with the interposition of the brazing material layer alone, additional provision 
of the high-melting metallizing layer can further relax the residual thermal stress created due to a difference in coeffi- 
cient of thermal expansion between the conductor layer and the substrate. . t . 
[0067] In the formation of the high-melting metallizing layer, the surface roughness of the formed high-melting metal- 
lizing layer is preferably not more than 4 \ivn in terms of Ra. • 
[00681 That is the high-melting metallizing layer functions not only to conduct general surface metallization for stable 
deposition of plating and flow of brazing material and formation of a circuit.but also to receive the thermal stress created 
due to a difference in coefficients of thermal expansion between the conductor layer comprising copper as a main com- 
ponent and the ceramic substrate, thereby relaxing the thermal stress that adversely affects the ceramic substrate. Fur- 
ther reducing the surface roughness of the high-metting metallizing layer, preferably to not more than 4 urn in terms of 
Ra. can further stabilize the effect of relaxing the stress, can reduce the variation in strength of the joined portion, and 
20 particularly can improve the durability to thermal shock cycle. 

[0069] Regarding the surface roughness of the high-melting metallizing layer. Japanese Patent Laid-Open No. 
79290/1992 discloses an AIN board wherein the surface roughness (probably Rmax) of the high-melting metallizing 
layer is 0.07 urn, and Japanese Patent Laid-Open No. 40789/1996 discloses an AIN board wherein the i surface rough- 
ness Ra is not more than 0.7 urn. Even when the surface of the high-melting metallizing layer is very highly flattened, 
however as described above in connection with the prior art. for example, joining of the copper circuit layer comprising 
copper as a main component and having a large coefficient of thermal expansion onto the high-melting metaU.z.ng layer 
cannot provide a highly reliable joined portion. By contrast, in the present invention, in this type of the joined structure, 
studies have been carried out on an improvement in reliability of the high-melting metallizing layer. As a result, it has 
been confirmed that regulation of the surface roughness Ra of the high-melting metallizing layer ^ not more^an 4 ^m 
results in a lower variation in joining strength than the prior art technique, particularly an enhanced reliability in resist- 
ance to thermal shock cycle. . o^^^i 
[0070] The surface roughness of the high-melting metallizing layer may be generally carried out as follows. Specifi- 
cally in any of the cofiring metallization and the post firing metallization, proper regulation of the wire diameter or count 
of mesh in a screen or the viscosity of the paste in the printing of a paste permits the regulation of the surface rough- 
ness of the high-melting metallizing layer of after firing. Reducing the wire diameter of the mesh, increasing the count 
of the mesh, and reducing the viscosity can reduce the surface roughness. In this case, when the wire diamete. -of the 
mesh is excessively small, the strength is lowered, causing the wire to be likely to be elongated, which results in an 
increased deterioration speed in accuracy of shape of the print pattern. For this reason, the wire diameter is preferably 
not less than 5 urn. When the count is excessively small, clogging is likely to occur. For this reason, the mesh size rs 
preferably not more than 500 mesh. When the viscosity of the paste is excessively low. blurring is likely to occur, leading 
to a deterioration in accuracy of shape of the print pattern. Therefore, the viscosity of the paste "sP/eteBbly nJM less 
than 50 ps. The viscosity may be modified by the amount of the organic binder or the solvent added. This permits the 
surface smoothness to be regulated to some extent. . ... . . „ 

[0071] In order to further enhance the leveling property from the viewpoint of providing a high-melting metallizing layer 
having a surface roughness Ra of not more than 4 jxm. for example, use of a starting powder with the amount of coarse 
particles being minimized for the purpose of reducing surface irregularities, optional incorporation of an appropnate 
amount of a powder having a different particle diameter for the purpose of reducing large wavness and the like are 
effective. The mixing procedure is preferably such that the solvent and the organic binder are sah^ctonly dispersed by 
applying ultrasonic vibration or in a ball mill and a ponder composition as a starting material is then gradually added 
thereto by portions. This is because addition of the solvent and the organic binder to the powder composition is likely 
to cause aggregation of the powder composition, resulting in lowered leveling property at the time of printing of the 

[0072] According to another joined structure of the present invention, a metallizing layer comprising as a main com- 
ponent at least one member selected from Ni. Fe. and Cu and having a melting point of 1 000-C I or ^below is formed on 
the high-melting metallizing layer or the brazing material layer. Various methods are considered for the tomato^ 
metallizing layer. Examples thereof include plating, thermal spray coating, vapor deposition, dip coating, and interposi- 
tion cladding of a foil. When, like interposition cladding of a foil, a metallic material is interposed to conduct joining, a 
foil of a metal having the above composition is interposed between a joining surface of a material for the conductor layer 
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and the substrate on its surface with the high-melting metallizing layer or the brazing material layer being formed ther- 
eon, followed by joining according to hot cladding or other method to prepare a composite material. On the other hand, 
in the case of the formation of this layer by plating, thermal spray coating, vapor deposition, dip coating or the like, the 
contemplated layer is previously formed on the joining surface of any one of or both the materials, and both the materi- 
5 als are then heat-treated to conduct joining, thereby preparing the board of the present invention. The heating treatment 
is carried out at a temperature ranging from the melting point of the metallizing layer to below the melting point of the 
material for the conductor layer in a nonoxidizing atmosphere. 

[0073] The heat treatment temperature is generally 1 ,000 °C or below. When the temperature is the melting point of 
the conductor layer or above, the outer peripheral shape of the conductor layer and the formed circuit pattern are likely 
io to be broken. In this case, the final layer thickness is preferably about 2 to 40 *im. When the thickness is less than 2 urn, 
it is difficult to ensure the amount of a liquid phase large enough for joining, causing a part of the joined body to have 
low joining strength. On the other hand, when the thickness exceeds 40 urn, heat dissipation through the interposing 
layer is often lowered. 

[0074] In the present invention, there are several methods, as described above, for the formation of the metallizing 

is layer comprising as a main component at least one member selected from the group consisting of Ni, Fe, and Cu. When 
the productivity of the metallizing layer is taken into consideration, plating has the highest efficiency and can ensure 
layer quality such as thickness. In this case, a plating comprising Ni as a main component is preferred particularly from 
the viewpoints of corrosion resistance and adhesion. In the case of the Ni plating, the plating may have a single layer 
structure of an Ni-P-based material or alternatively may have a two-layer structure comprising an Ni-B-based layer and 

20 an Ni-P-based layer provided thereon. The plating may be carried out by any of electroplating and electroless plating. 
[0075] The material for the conductor layer is as described above. The material is generally in a sheet form. For the 
size of the sheet as the material for the conductor layer, the outside size is previously rendered not less than 0.05 mm 
shorter for both length and width than the contemplated outside dimensions of the main plane of the interposing layer 
to be provided just above or under the conductor layer. The size of about 0.05 to 1 mm shorter than the outside dimen- 

25 sion of the interposing layer is particularly preferred. The reason why the size is rendered not less than 0.05 mm shorter 
than the outside dimension of the interposing layer is. as described above, to relax concentration of thermal stress cre- 
ated between the substrate and the conductor layer on a part of the substrate and to prevent damage to the substrate 
at the time of uniting of both materials and upon application of heating and cooling load during practical use of the 
board. The shape of the side face and the main plane thereof, the degree of surface finishing, and the effects expected 

30 thereby are as described above. Any conventional sheet forming method may be used for the formation. The circuit pat- 
tern of the conductor layer is generally formed by etching after joining. When provision of an angle or a difference in 
level like a step on the side face of the conductor layer in the board according to the present invention, the shape of the 
side face and the main plane and the degree of surface finishing may be the same as those described above. Further, 
as described above, regulation of the relationship between the thickness of the conductor layer and the thickness of the 

35 substrate so as fall within a given range can further improve the contemplated effect of the present invention. 

[0076] The joining assembly is then joined by heating. When the interposing layer present on the surface to be finally 
joined consists of the brazing material layer alone, the joining assembly is heated in the temperature range of the melt- 
ing point of the brazing material layer to below the melting point of the conductor layer in a vacuum of not more than 1 0" 
4 Torr. On the other hand, when a low-melting metallizing layer comprising as a main component at least one member 

40 selected from the group consisting of Ni, Fe, and Cu and having a melting point of 1 ,000°C or below is formed on the 
brazing material layer and the high-melting metallizing layer simultaneously with joining of the assembly, heating is con- 
ducted in the temperature range of the melting point of the low-melting metallizing layer to below the melting point of 
the conductor layer in a non-oxidizing atmosphere. At the time of this joining, in order to prevent shifting of mutual posi- 
tion between the conductor layer and the substrate, if necessary, a jig made of a material, for example, a refractory, such 

45 as a carbonaceous, alumina, or aluminum nitride refractory, is used for fixation, thereby preventing the shifting of mutual 
position. Further, in order to prevent such shifting and to ensure peel strength level, after joining, high enough for prac- 
tical use, if necessary, a proper load may be applied from the top to surely conduct the fixation and to ensure satisfac- 
tory strength after joining. 

[0077] According to the fourth board of the present invention, a layer comprising as a main component Ni is formed 
so as the outermost layer of the f irst, second, or third board prepared above. In this case, in principle, the layer comprising 
Ni as a main component is formed by the above method on the top and side faces of the conductor layer, the exposed 
surface of the interposing layer provided just under the conductor layer, and the exposed main plane of the substrate. 
Fig. 5 is a schematic diagram showing a taken-off portion of the section after the formation of the outer layer. The face 
to be formed may vary depending upon the structure of the final semiconductor device. As described above, the outer 
55 layer is preferably formed by plating from the viewpoints of productivity and quality. Further, as described above, the for- 
mation of the outer layer on the outermost layer can improve the corrosion resistance of the board and at the same time 
can promote the relaxation of the thermal stress as compared with the case where the outer layer is not formed. 
[0078] The peel strength of the joined portion in the copper circuit-joined board, according to the present invention, 
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having the above joined structure is on a high level of not less than 0.5 kg/mm which poses no proWerr ^ f""*"*- 
Tne length on the above high level can be stably provided. The pee. strength may be ?^^a c2i£ 

a conductor layer 3 having a thickness of 0.1 mm and a width of 4.0 mm •J^V£~<^*™£Z£^ 
substrate 1 through an interposing layer 2. In this case, a grip portion 6 .s formed J n * e ~"^ 
s conductor layer material at a right angle to the joined porton. In the gnp porton 6, the length by the end To 

the ariD portion 6 and the end 8 of the interposing layer 2 is brought to a predetermined value. Th ^ e ^ e ^ r ! 9 "^°L 
Son 6 of the conductor layer 3 is grasped wrth the joined body being fixed and then pulled upward to measure the ped 
in tSTcase aYensHe load under which a part of the joined layer including the conductor layer or the jomed 
See terms of the value per mm of L which is regarded as the pee. 

10 strength value. 



Examples 
(Example 1) 
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10079] An AIN powder, an Si 3 N 4 powder, and Al 2 0 3 powder each having an average P^M ol l pm were 
provided as main component powders. Further, a Y 2 Q 3 powder hav,ng an '^T^^^^^^Si 
baO powder having an average particle diameter of 0.3^m were provded as s.nte "«adpo£«s. 97% by we gM of 
one of the three kinds of main component powders and a sintenng aid powder of a combination of 1 1 .5 /» by ■ wwghl t ot 
me Y O, Vowder wi* 1 5% by weight of the CaO powder were weighed and mixed together ,n an ethanol solvent n a 
bi. £ for Z hr T^us Zee Lds of mixed powders, that is. an AIN mixed powder containing Y 2 0 3 -CaO as a sintering 
^ Tn N mixed cLder containing Y 2 0 3 -CaO as a sintering aid. and an Al 2 0 3 mixed powder containing Y 2 0 3 -CaO 
^a SX^nTS weight of PVB (polyviny. butyra.) as a binder was added to 1 00 parts by 
w^Tea* S poS* to prepare s.Les. A part of each of the s.urries was spray dried to prepare granges 
wh ic^ereSn molded by means of a powder molding press to prepare a compact comprising AIN as a maincomp^ 
nert e TSmpart comprising Si 3 N 4 as a main component and a compact comprising Al 2 0 3 as a ma.n component The 
Sm^c^mo^^ a^ i main component and the compact comprising Si 3 N 4 as a main component were sintered 
J3SS^SShw" " .700°C for 5 hr. On the other hand, the compact comprising A. 2 0 3 as a man component 
was sSS^ a! * Trio* for 5 hr. Thus, sintered bodies having a size of a thickness of 0.7 mm and a .length 
was si ntereo inline jur _ « , ^ , t should noted that all sintered bodies comprising silicon nitride as a 

as the theonTtical density to be 100%) was not less than 99%. and the surface was free from defects, such as voids tna 
r^rr^oNen iS ^Dractteal use Further, for these sintered bodies, the thermal conductivity were measured by a laser 

lively 50 to 60 W/m • K and 600 to 700 MPa for the Si 3 N 4 sintered body, and respectively 30 to 40 W/m K and 450 to 

40 XT ti^SSi 2*. A and B each comprising the above high-thermal conduct^ sHicon nitride 
Sc anThaS a length of 25mm, a width of 25 mm, and a thickness of 0.5 mm (not described m TaWe 1) were 
D r^ Se SZe A was a silicon nrtride sintered body, of p crystal phase, containing about 5% by weight in terms 
o Tn oSIof YtS about 5% by weight in terms of an oxide of Y as auxiliary components, having a content of oxjgen 
t * e crvstel of aS^ 6% by weight and having a relative density of 99%. The sample A had a thermal conduchvrty of 

**** k^hv, ft rrv^tal ohase containing about 8% by weight in terms of an oxide of Sm and about 2 Jo by weigrn in 

ha «inn a relative density of 99% The sample B had a thermal conductivity of 130 W/m • K and a three-point tiexura. 
2 \l SJ M pa T^e «S of these ceramic samp.es was free from defects, such as voids, that pose a problem 
uL ^eco^^Ttne auxaSy components in the sintered bodies was determined by induction emission 
'^SiS^^S^ ^ *• <^5 grain of the entered body was determined by Auger electron spec- 
trnQrnnx// vpQ anc j *h e crystal phase was confirmed by X-ray diffractometry. 

SSn^SSS metal brazing materia, pastes were provided: an active metal silver brazing matena. paste 
rWisina 1 00 parts by weight of a powder, with an average particle diameter of 5 urn. and composed mainly of 78 A 
SZiS oi Ao Sd 22%b! weight of Cu (13Ag-8Ag brazing material specified in JIS) and. added thereto. 3 parts by 
at rSl S " average parties diameter of 0.5 pm; an active meta. a.ver ^^X^Z, 
prisfng Too partsby weight of a powder, with an average particle diameter of 5 pm. and composed mainly of 78% by 
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weight of Ag and 22% by weight of Cu (13Ag-8Ag brazing material specified in JIS) and. added thereto. 3 parts by 
weight of a Zr powder having an average particle diameter of 0.5 ^im; an active metal silver brazing material paste com- 
prising 100 parts by weight of a powder, with an average partide diameter of 5 nm, and composed mainly of 78% by 
weight of Ag and 22% by weight of Cu (13Ag-8Ag brazing material specified in JIS) and, added thereto. 3 parts by 

5 weight of a V powder having an average particle diameter of 0.5 nm; and an active metal copper brazing material paste 
comprising 100 parts by weight of a powder, with an average particle diameter of 5 urn, and composed mainly of 15% 
by weight of Ag. 5% by weight of P. and 80% by weight of Cu (BCup5 copper brazing material specified in JIS) and. 
added thereto. 3 parts by weight of a Ti powder having an average particle diameter of 0.5 pm. These brazing material 
pastes were applied by screen printing over substantially the whole surface of the main plane (plane in the lengthwise 

to and widthwise directions) of the respective sintered bodies, followed by firing to form brazing material layers. In this 
case, in order to prevent the brazing material layer from being extended from the coating face or from entering the side 
face at the time of printing, the size of the print pattern was rendered about 0.3 mm shorter in both ends of the substrate 
in both the lengthwise and axial directions of the substrate. Combinations of substrate with brazing materials used were 
as specified in Table 1. The brazing material layer was formed by degassing the paste-coated sintered body at 600°C. 

75 [0082] For each sample, a material for a conductor layer having a difference in main plane dimensions (length and 
width) from the main plane of the interposing layer as specified in Table 1 was punched out by means of a punching 
press. The material used was a 0.3 mm-thick electrolytic copper sheet specified in JIS C1020. The dimensions 
described in the column of size difference in Table 1 is a value of "(outside dimension of the main plane of the interpos- 
ing layer) - (outside dimension of the main plane of the conductor layer)." The difference in the lengthwise direction is 

20 identical to the difference in the widthwise direction, and the difference is expressed in terms of AL. The dimension AX 
described in the column of size difference in Table 1 is the maximum protrusion length (the dimension in the longitudinal 
direction in the protruded portion) of the conductor layer extended, after joining, from the interposing layer toward the 
widthwise (lateral) direction of the substrate. For all the samples, the AX value was 10 mm. The width of the protruded 
portion (dimension in the lateral direction in the protruded portion) was the same as that of the joined portion. The side 

25 face of the material for the conductor layer was provided at a right angle to the main plane. For all ridges where the main 
plane crosses the top of the side face, a round portion was formed at a radius of curvature of 0.5 mm. The sectional 
structure is schematically shown in Fig. 12. 

[0083] Next, among specimens, wherein an interposing layer has been formed on the substrate, ten specimens were 
selected for each sample. A material for the conductor layer was put on the interposing layer of each specimen to pre- 

30 pare a joining assembly. Each assembly was set on a setter made of graphite and fired in a nitrogen atmosphere at 
780°C for 30 min. Thus, the whole assembly was joined without applying any load from the top. For all the joined assem- 
blies, after the joining, the thickness of the interposing layer was within 1 0 ± 1 *im. Also for the above-described samples 
of the substrates A and B prepared using the high-thermal conductivity silicon nitride ceramic, respective joined circuit 
boards confirming to the specifications of sample 12 in Table 1 were prepared according to the above procedure. For 

35 sample Nos. 9 and 10, the end of the conductor layer was previously extended from the end of the interposing layer 
provided just under the conductor layer in the joined interface of the conductor layer and the interposing layer. For sam- 
ple No. 9, as shown in Fig. 1 (a), the conductor layer was extended from the interposing layer in the widthwise direction. 
For sample 1 0, as shown in Fig. 1 (b) , the conductor layer was extended aslant from the interposing layer. 
[0084] Next, regarding assemblies which had been separately joined in the same manner as described above (includ- 

40 ing those using the substrates A and B). 10 specimens were selected for each sample. The whole joined portion was 
ultrasonically inspected, by means of an ultrasonic detector having an image processing function, for defects in the 
joined portion. Specifically, the whole upper main plane of the conductor layer for each sample was scanned by means 
of a probe, and the intensity level of the wave reflected from each layer in the joined portion was subjected to color code 
image processing. In this case, several reference specimens of interposing layers of the same peripheral size with cav- 

45 ities of various sizes being previously formed therein were prepared. From the correlation between the size level of the 
cavity and the intensity level (peak height) of the reflected wave, the defect level was numerated and color-coded for 
use as reference for image processing. By this method, the defect reflection wave level of ultrasonic waves sent from 
the conductor layer side was confirmed as the distribution pattern over the whole surface, and the proportion of the area 
of the defect portion to the whole joined face was confirmed. As a result, for all the samples, a reflection pattern of an 

so abnormal level considered attributable to the defection portion was not substantially confirmed. The proportion of the 
area of the portion considered to be the defect portion was not more than 10%. Individual areas are very small and are 
such that no problem occurs in practical use. Further, two specimens for an identical sample were selected. A section 
containing a portion where slight defect reflection wave was confirmed, was taken off. and the periphery of the joined 
portion within the section was observed under SEM (a scanning electron microscope) at a magnification of 1 .000 times. 

55 As a result, very small pinholes were found here and there in the interface and portions around the interface. However, 
any defect, which poses a problem in practical use, was not found. 

[0085] The remaining 8 samples were subjected to a heat cycle test wherein a series of cooling and heating steps, 
that is, holding at 0°C for 15 min and holding at 100°C for 15 min, were repeated ten times. Thereafter, the analysis of 
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the surface of the joined portion by ultrasonic inspection and the observation of the magnrfied section of the joined por- 
tion were carried out in the same manner as descnbed above . ^ ^ 
[0086] As a result, a group of specimens for sample Nos 2 and 3 the surface W" » test 
[evened that, while the percentage defect area before me ^^^^^^^ of a portion con- 
was increased to 10to20%. For these samples . its portion around the joined interface 

Se sUSSes A^no B. an increase in the de.ec, ^^^^JSt^ of the conductor .ayer and the 
[0087] For each sample. 20 specimens were to J2TJ* ESurtSnrth of the conductor layer was deter- 
degree of warpage of the member The resu'te are g,ven , n of tne me mber was determined 

mined by the method, as descnbed above, shown W -J^^fSnJ upward and adial gauge was scanned in 
as follows. The sample was put on a ^.^^^^S^!iS^ in between the maximum height 

r m rs^^ 

samples using the substrate samples A and "^^^JJSSt m in in thethicknesswise direction of 
[0088] Next, for the same samples, an AC voltage of 1 ,000 v «««JP Duncture votege between the conductor 
he board, and this voltage application was repeated ^r^S^TSE-I "o.tage by the application of the 
,ayer and the substrate. The board was inspected for .<MWM ^KmE 5*n h the column of puncture 
voKage as compared with that **ZZ£*^ after the initial voKage appli- 

strength in Table 1 . As is apparent from the data. ^TjJJJ™?^ £ tne main p , an e of the conductor layer were 
cation for 1 0 min was found for samples wherein *e length and the ™ |es herein the end of 

iarger than those of the interposing resuK was indicated 

the conductor layer was extended from the end °«*^S?fi! samples wherein the end of the conductor layer was 
by X in the same column; the same shall apply J™"*^-*^ JSdJSS ibed in Table 1 was less than ±0 mm. 
not extended from the end of the main plane of the mte pos,ng laye t^JLdmatm^ ^ ^ 

the deterioration in the puncture voltage was found after the ^^™™ 7 r ^ [) Z contras t, for samples of 
evaluation result was indicated by a in the same ^^^^S^Z^iSSt the main plane of the 
the present invention wherein the end of the conductor layer was not substra te samples A and B), no defe- 

asing layer and AL was not less than *> the same shall apply 

application of the above voltage. 
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(Example 2) 
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[0 089, Three Kinds ol compacts of an 

(except for high-thermal conduct.** sjcon £^3^^ these compacts were selected, and a 

formulation, ar* mixing^ 

high-melting metal paste compnsmg a h gh metal ™ ^ nitrogen atmosp here at 1 ,600->C for 5 hr 
applied by printing on one main plane of the compacts, f °»° w f° ^ ™ * ■ |p ^ cas6i as wit h Example 
Sinter e'ach compact body and at the same whoTetuSce oHhe ceramic substrate. The 
1, the high-melting metallizing layer was formed over su ^antany tne w g n g.-fhe glass had a corn- 

weight ratio of the high-me.ting metal in the^ nus prepared were 

position comprising, -n terms of we.gh « r ^^,^lJoSwn of the preparation process in Table 2. 
described as CF (abbrev.at>on for cof .nngmethod , ) in me ™"™J^ £ p in Examp ie 1 for each ceramic com- 
l0 090] The remaining half of the compacts were ante red ^ Sesame manner v ^ 

position. Tnereafter. theabove ^ ^ 
followed by firing in a nitrogen atmosphere ne of the preparation process in Table 2. 

thus prepared were described as PF (a^ 6 ^^ ratio of the ™*al com- 

The area of the formation of the h.gh-metong ™™ bvn ?}*V™*™™™ £ e same as described above, 
ponent to the glass component in the high-melfng metatong ^^JJ™^,, regarding outside dimen- 
f 0 091] Forallthesubs^tespreparedbyme^g ^^^^'Sokness of the high-melting metallizing 
sions, the length and the w.dth were 50 mm and 0_7 mm respect. «^ measured with a contact type 

.ayer was 20 ± 1 nm. The surface roughness Ra of the h.gh meftn , meta. gy roughn ess meter was 

surface roughness meter and found to ^^^^^XS^on the'high-metting metallizing fcyer 
a probe of R = 5 um, and the cut-off was 0.8 mm. On the ma.r .plane dime nsions as the main plane. 
wa P s formed an about 10 ^m-thicK Nfi-P p.at.ng and an Ni-P plating layer as a 

Thus, an interposing layer composed of a h«9»vmelt.ng m*all *ng .aye y thickness as in Example 

second .ay^wereformed. Thereafter, acondu^ 

1 in the same manner as .n Example 1 was p ^'°^^XrterSan the size of main plane of the interposing layer, 
the size of the conductor layer is AL (as specked ,n Table 2) ' short^than me ^ ^ ^ djmen . 

The dimension AX described in th * f umn !^ extended from the interposing layer 

sion in the longitudinal ' Sr ^^j^^d^2i £?Z£Sm£i AX value was 1 0 mm. The width of the pro- 

whole area of the joining face. , , of tne Ni . P plating layer on the 

[0092] Subsequently, the conductor layer ' n -\ s ;™ which were then fired in a nitro- 

substrate side with the interposing layer formed ther ^" ^ep^e ^n.ng aj^ samples were pre- 

gen atmosphere at 900»C for 30 min under ,o.n.ng ttemTaTm Example 1. At the outset, the peel 

pared. The board samples thus prepared were evaluated for J^"^^ ength were evaluated in the 
strength of the conductor .aye, the degree oi - wmP J ^tS^SSZ of the board was magnified and 
same manner as in Example 1 . The results are g.ven . . n Tab le * J™£ x high-melting metallizing layer and the 
observed. As a result, it was found that 'eight ancfthe minimum height (cor- 

Ni plating layer were within 10 ^m m terms of the d,fferen ^7 o e ^ ore L n 3 ? Ra . The indication of the level 
responding to Rmax in surlace roughness). Th.s ^^^'°^Ze T^epe^ strength value for the sample 
ofThe puncture strength in the table .s the ^ ^^ISSrS and the conductor layer side (not given in 
wherein the plating layer was prev.ous.jr formed on Mh the wMM £de a^ |ayer was formed 

the table) was about 6% larger than that (a value g.ven .n the tebte] "J"™?, test in the manner as in Exam- 
on the substrate s*e only. Further, these sampfos ^served in its joined portion 

pie 1 . Before and after the test, the samples we e ana "^^^"'^ £ and 33, any defect, which poses a prob- 
fn a magnified state. As a result, for ^.^^X ^ Soined portion, both before and after 
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as a main component. 
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(Example 3) 
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[0094] Four kinds of ceramic substrates of the same materials and combinations as A des H c ^ 

SncS high-thermal conductive silicon nitrfle ceramic ^J^ A J^^^,^Z 

of 0.5 mm which is different from the thickness of the other three kjnds of plane of the substrate. 

the interposing layer, that is, AL. was , +1.0 mm m bottr *e lengthv^se and ^J^l? ^ . |es ^ 

strength, warpage of the member, and the resistance to heat cycling load. 
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(Example 4) 

based substrate in such a stage that, in sample No. 34 of I Bajjl ^ttateandttie interposing layer of the same 
samples had the same construction, except that, in a combrntior , o th *^^™™™£° n sj 9 ze i. bet ween the 
type for each sample, the outside tf.mens.ons (-nd'cated; ,m the teble ^^the^Tn pfane of the interposing layer) of the 
periphery of the main plane of the conductor Jayer ^g^^SiSJ^ conductor layer to the lower 
main plane of the conductor layer anc tte, angle 6, J M «M£ ofthe s ^ ^ ^ ^ 

face of the interposmg layer, and the angle e 2 that .s, the ang le ,a ™« "PP gona^ laye r were the same as 

as shown in Figs. 9 and 10, were regulated. The JL?35i!! y n ™gles e, and 0 2 were provided in 

described in Example 1, and the shape of the protr uded portorr ^ identcaL ™ ang 1 2 imme diately 

test as described in Example 1. the ultrasonic mspection ^ *sen«hon ^ot mag eachsample , the peel 

result, all the samples were free from any defect wh.ch f^^^T^^^^ as in Example 1 . For 
strength, the warpage of the board, and the puncture strength ^^^^^^^ manmf ^ 
all the samples, the pee. strength level (not g,ven .r ^T""*^ P Strength are also given in Table 
sample No. 34 of Example 3. The results of the warpage of the ^™ ^ re the substrate and having the 
4. Th'e samples using the 

same joined structure as sample 61 (not ^bedm Table ' *> be reduced ^ ren dering the size of the 

pie 61 . From the above results, .t is apparent that the warpage of the ^ard can oe layer in both the 

main plane of the conductor at least 0.05 mm smaller than that of P 1 of the conductor layer at an 

lengthwise and widthwise directions thereof and. at *e »me*me ^^^^conf^ed that the 
angle 6, of not more than 80° or at an angle 0 2 of £ .^SSldhSo when the substrate was 

sstjss^^ =sr- 1 and ° ne comprisin9 an 

Al 2 0 3 -based sintered body used in sample 14 in Example 1 . 
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(Example 6) 



the lengthwise and widthw.se d.rect.ons. of 50 mm for *°J^*£l^££fiXi AIN-based material, an Si 3 N 4 -based 
the first layer and the materia, for the second layer <££dm£ to e ach f^™ Q ™ ch , ayer , „. mater ia. for the 
materia., and an A. 2 0 3 -based matenaP for the inter P 0Si " 9 ,ayer W * S 
conductor layer was formed in the same manner as materials, substrates comprising a comb- 

pared in the same manner as .n Example 5. Among ^^"L^^ , J, jn E ^ ample 5 and a n interposing layer 
nation of shape and material specrf.ed ,n samples 68. 72 ^ ™0 P board m 

having a construction specif ied in Table 8 

pies, in this case, as with Example 1 . the main plane of ^.nterpos.ng lay were as df jed in Table 8 . 
p,ane of the substrate. The composition the ^J^fJ^^^Z^Zaz^ materia, .ayer only, the 
The interposing layer was formed as follows. When the first '^T^JSeWeiposIng layer comprises a first layer 
interposing layer was prepared in the same manner •» n ^T^^SSSSi cornprising 5 as a main com- 
of a high-melting metallizing layer and a second layer «**^^™™^ f J tM tne i mp ,es. the material and 
ponent, the interposing layer was preparec hrr £e sa ^^X^'in Example 1. Foral.the samples, the 
the thickness of the conductor layer ^^^^^^^ in the joined interface of the conductor layer 
difference AL in size between the ^^X!^,^^ 9 ^^ 1 . the maximum length of the conductor 
and the interposing layer was + 1 0 mm. ^.^^^^^^ prepared were evaluated for the same 
zo layer extended from the interpos.ng .ayer was ^^^^^Aa^inrp^ and observation of the 
^S^Z^^XZZ "defect, such as cracKng of the substrate, was not 
found in the joined interface of the substrate and the interpos.ng layer. 
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(Example 7) 

Vm Samp.es as specked in Ta b ,e 9 were 

lamination layer and the second fj ( f ^ provided on the sidepor- 

formed, were used as starting materials. In this example jnw-JuSor layers an identical slanting angle was pro- 
tion of the two conductor layers used in the sample. For jta two ^ ^ ^ 

vided. For the second conductor layer, however, the angle ofthe Wersunawro w ch 

wafdSO - 0). For the conductor .ayer. the shape hav '^*^ the main plane of the 

pressing, and the angle of the side face was ^J^f^.^^^^e S ^ of the protruded portion 
foined portion, between the conductor layer anc .the adjacent '^^J^ ^ ied out in the same man- 
of the conductor layer were the same as those of ^^o^^e^ Reuaj 9 for tne ^ ite ms 

ner as in Example 1 to prepare laminate ^^"^^ZTSS^g. ultrasonic inspection and observe- 
as described in Example 1 . The results are g^en rV ^ b ' e ^ A " e ^ e ; e f he * J* angle 9 exceeded 80». very small 
tion of the section were carried out. As , . ^result for ^V^^^Z howevi, were not those that pose a prob- 



such defects were not found. 
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(Example 8) 



10 



15 



20 



25 



30 



[0 103, .^ertateasse^^ 

98 in such a stage that the interposing layer has ^^^^SSSSlo&S mm the main planes of both the 
comprising copper as a main component was -^^"""T * materia,s were aSS6m ' 

two Knds of copper materials, followed by ^«^£^£Z^ZJri* was then heated in a nitrogen 
bled so that the copper printed faces come into conted n ^ inate of two joined materials was pre- 

as cracking, was not found in the substrate portion. 
(Example 9) 

10104] Among the samples prepared in the above ifafa maifcaS 

31 39, 42. 46 52, 108. 111. 114. 117. 120, 123. and 126 we e ^^£^2£^n Fig. 14. for both the board 
ponS was formed on the outer surface of these board sample* ^^ was^med on the upper surface and 
of a single unit structure (a) and a two-unit laminate structure & toe outer layer was to conductor layer. 

side portion of the conductor layer 3 ^J^^J^^X^S^^ W Table 10 - ,n «* 6X3m ' 
The outer layer 5 was formed in various th !^*f ° S ^^^^^ conductor layer and the main plane of 

pie. for all the samples, the difference in sue (AL) AL M in all tne three p, ac es was 1 .0 

toe interposing layer was 1.0 mm. In ^^^l^^T^^or layer (angle of the joined inter- 
mm. Further, in this example, for all the ^*J£^°J^£n D f the conductor layer) was 90" for both the 
face of the conductor layer and the mterposing layer to toead fjrst |ayer> ^ 80 o in the interface of 
upper and lower faces (that is. both of » 1 ^^^b^W* jno face to the sid e portion 

the conductor layer and the lower interposing ^"^^ dimension of the protruded portion of 
in the conductor layer. Further, in this * TJS^SS!!Si items as described in Example 1 . The 
the conductor layer was 10 mm These '^^^^^Mcn of the outer layer resulted in further 
results are given in Table 10. From the result* rt "J^, 6 ™* "jjofc inspection and observation of the section of 

35 sample group 1 having an outer layer. ^^^^^^^2s^«es corresponding to the 
were selected as a sample group 2 consisting of base "abated five times wherein each sample was 

samples of the group 1 . For these samples. *^^^SSSS^ *» 2 After each test cycle, each 
allowed to stand under conditions of a ****** * ^ C ^ 3 hum ^ conductor layer. Further, after 

sample was inspected for the "^^^X^ ™ n » for the ° isco,oration and 3 Cha T 
40 each test cycle, the outer periphery o1 ^ach samp le was v '^^ e formation J a cuprous oxide layer on the surface 
properties of the main plane of the conductor layer, W™^* J * e layer in each sample was analyzed by 

theTeof. in this case, before and after toe test M Asa^utt. K was found that the formation of an 

X-ray diffractometry to investigate a change . phase £ J-J^S Jj^, moisture resista nce. Specifically, for all 
outer layer comprising Ni as a main component resulted nwted. yjmp discoloration and a change 

45 the samples belonging to the sample group 1 having an J*J£, rf ^ surface thereof was not found. 
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(Example 10) 

[0107] An AIN powder, an Si 3 N 4 powder, and Al 2 0 3 powder each having an average particle diameter of 1 \im were 
provided as main component powders. Further, a Y 2 0 3 powder having an average particle diameter of 0.6 urn and a 
CaO powder having an average particle diameter of 0.3 um were provided. 97% by weight of one of the three kinds of 
main component powders, 1 .5% by weight of the Y 2 0 3 powder, and 1 .5% by weight of the CaO powder were weighed 
and intimately mixed together in an ethanol solvent in a ball mill for 24 hr. Thus, three kinds of mixed powders, that is. 
an AIN mixed powder containing Y 2 0 3 -CaO as a sintering aid, an Si 3 N 4 mixed powder containing Y 2 0 3 -CaO as a sin- 
tering aid and an Al 2 0 3 mixed powder containing Y 2 0 3 -CaO as a sintering aid were obtained. 10 parts by weight of 
P VB as a binder was added to 1 00 parts by weight of each mixed powder to prepare slurries. A part of each of the slur- 
ries was spray dried, followed by molding using a powder molding press to prepare compacts. Half of these compacts 
were selected. The compact comprising AIN as a main component and the compact comprising Si 3 N 4 as a main com- 
ponent were sintered in a nitrogen atmosphere at 1 ,700°C for 5 hr. On the other hand, the compact comprising Al 2 0 3 
as a main component was sintered in the air at 1 ,600°C for 5 hr. For all the sintered bodies thus prepared, the relative 
density (the percentage of the density measured by the submerging method to the theoretical density presumed to be 
100%) was 99% and the surface was free from defects, such as voids, that pose a problem in practical use. Further, 
for these sintered bodies, the thermal conductivity was measured by a laser flash method. As a result, the thermal con- 
ductivity was 1 50 to 1 60 W/m • K for the AIN sintered body. 80 to 100 W/m • K for the Si 3 N 4 sintered body, and 30 to 40 
W/m • K for the Al 2 0 3 sintered body. One main plane of these sintered bodies was coated with a high-melting metal 
paste as follows Specif ically, a high-melting metal W having an average particle diameter 1 urn was added by portions 
to a mixture prepared by mixing 10% by weight of a solvent. 5% by weight of Si0 2 -CaO-B 2 0 3 -based glass, and 5% by 
weight of an organic binder together in a ball mill, and the resultant paste was adjusted to a viscosity of 200 ps The 
paste was then applied by printing using a 200-mesh screen, followed by firing in a nitrogen atmosphere for one hr at 
1 600°C to form a high-melting metallizing layer (post firing method). 

[01 08] On the other hand, one main plane of the remaining half of the compacts was printing-coated with the above 
high-melting metal paste, and firing was carried out in a nitrogen atmosphere for 5 hr at 1 ,700°C to sinter each compact 
body and at the same time, to sinter the high-melting metal paste (cofiring method). For all the metallized AIN boards 
with the W high-melting metallizing layer formed thereon in the above step, the size was 25 mm in width, 25 mm in 
length and 0.7 mm in thickness, the type of which was indicated in the following Table 1 . "CF" described in the column 
of preparation process is an abbreviation for cofiring, and TP an abbreviation for post firing. For these metallized 
boards, the surface roughness was measured with a contact type surface roughness meter wherein the tip of the rough- 
ness meter was a probe of R = 5 um and the cut-off was 0.8 mm. 

[0109] Next 10 specimens for each sample were selected. The surface metallized with a high-melting metal was 
plated with nickel-phosphorus, followed by holding in a nitrogen atmosphere at 600°C for 30 min to f ire the plating. The 
metallic interposing layer thus prepared was free from unfavorable phenomena, such as swelling and separation. Fur- 
ther, tor all the samples, the plating thickness was within 6 + 2 urn. 

[0110] An electrolytic copper material specified in JIS C1020 was put thereon as a conductor layer having a width and 
a length which were 0.5 mm smaller than the W metallizing layer, and a thickness of 0.3 mm. These assemblies were 
set on a setter made of graphite and subjected to joining in an oven under non-load conditions in a nitrogen stream at 
970°C for 30 min. In any place of the joined bodies, the copper sheet was not extended from the W metallizing layer. At 
the time of joining, each sample was subjected to ultrasonic inspection. As a result, no unacceptable defect was found. 
Further after the joining, the section of the samples was observed under SEM (a scanning electron microscope) at a 
magnification of 1,000 times. As a result, unacceptable defects, such as cracks and pinholes, were not found in the 

[OVlTl^For each sample thus prepared, the peel strength and the degree of warpage were measured, and the results, 
together with the size of the substrate and the surface roughness of the metallized face, are also given in Table 1 1 . The 
degree of the warpage was determined as follows. The sample was put on a surface plate with the conductor layer side 
facing upward, and, in this state, the height from the surface plate was measured on diagonals. The difference between 
the maximum height from the surface plate and the minimum height from the surface plate was determined, and this 
value was expressed in terms of one per mm of the diagonal as the degree of warpage. Regarding the peel strength of 
the joined portion, as shown in Fig. 6, a conductor layer 4 having a size of 0.1 mm in thickness x 4.0 mm in width was 
joined in a length I of 3 mm through a metallic interposing layer 3 provided on the high-melting metallizing layer 2 of the 
substrate 1 . Thereafter, the grip portion 4a protruded upward perpendicularly from one end of the conductor layer 4 was 
pulled upward at a rate of 20 mm/min to measure the peel strength. 
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[01 1 2] As is apparent from the above results, according to the structure of the present invention, for samples wherein 
when the thickness of the high-melting metallizing layer is less than 3 jim. the peel strength is the lower limit 0.5 kg/1 
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mm of the target range, while for sample 7 wherein when the thickness of the high-melting metallizing layer exceeds 50 
urn, the warpage is the upper limit 3 ^m/1 mm of the target range. In these cases, there is a possibility that the target 
requirement cannot be satisfied in practical use. For this reason, it is apparent that the thickness of the high-melting 
metallizing layer should be 3 to 50 ^m from the viewpoint of fully and stably satisfying the standards with respect to the 

5 peel strength and the warpage. 

[0113] Further, from the data given in Table 1 , comparison of post firing with cof iring reveals the following points. The 
peel strength of the cof ired product is about twice higher than that of the post fired product. The reason for this is that, 
in the cof iring wherein W alone is sintered on the sintered body, W and AIN are strongly joined to each other by the so- 
called "anchor effect" and, in addition, W per se is also densH ied. 

w [01 14] Further, the post fired product is superior in surface evenness to the cof ired product. The reason for this is con- 
sidered as follows. In the cof ired product, the solvent contained in the W paste is likely to be absorbed into the sheet. 
Therefore, in this case, migration of a thicker W paste portion to a thinner W paste portion after printing, that is, the so- 
called "leveling effect", is not significant. On the other hand, for the post fired product, since printing is carried out on 
the sintered substrate, the absorption of the solvent does not occur. Thus, this offers large leveling effect. 

15 

(Comparative Example 1) 

[01 15] A sample was prepared as follows. The amount of the solvent added was reduced by 20% by weight as com- 
pared with the amount of the solvent used in the W paste used in Example 1 to prepare a W paste containing 5% by 

20 weight of an Si0 2 frit. One side of a compact prepared in the same manner as in Example 1 was coated with this paste, 
and the coating was sintered by the cofiring in the same manner as in Example 1 to form a 20 ^m-thick high-melting 
metallizing layer. Thereafter, nickel-phosphorus plating was carried out in the same manner as in Example 1 , followed 
by joining of the copper sheet in the same manner as in Example 1. The joined body thus prepared was analyzed by 
ultrasonic inspection and SEM at a magnification of 1 ,000 times. As a result, unacceptable defects, such as cracks and 

25 pinholes, were not found. The peel strength and warpage of the sample thus prepared and the surface roughness of 
the high-melting metallizing layer were measured. The results are given in Table 12. For this sample, as compared with 
Example 1 , the degree of warpage was slightly increased, and the surface evenness was slightly deteriorated. These, 
however, posed no problem in practical use. 
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15 



(Example 11) 

[0116] In printing a high-melting metallizing layer on the compact prepared in Example 1 , a high-melting metallizing 
layer portion for forming thereon a conductor layer comprising copper as a main component in a later step and a high- 
melting metallizing layer portion for a f ine pattern serving as a signal conductor to a semiconductor element were pro- 
vided on the same plane by printing in the same manner as described above in connection with sample No. 8 of Exam- 
ple 1 Sintering was then carried out in the same manner as in Example 1 to prepare a ceramic board comprising a 
substrate, with a width of 25 mm, a length of 25 mm, and a thickness of 0.7 mm, having thereon the high-melting met- 
allizing layer having the portion for forming a conductor layer with a width or 15 mm and a length of 20 mm and the por- 
tion for forming a signal conductor layer with a width of 1 mm and a length of 5 mm. A 10 nm-thick nickel-phosphorus 
plating was provided on each 10 high-melting metallizing layers to prepare a metallic interposing layer. 
[0117] Next a 0 3 mm-thick copper sheet was put on the Ni-P metallic interposing layer, followed by heating in the 
same manner as in Example 1 to join the copper sheet to the Ni-P metallic interposing layer. The size of the copper 

sheet is given in Table 6. ■ 
[0118] The joined body thus prepared was analyzed by ultrasonic inspection and SEM at a magnification of 1,000 
times. As a result, unacceptable defects, such as cracks and pinholes, were not found. The peel strength and warpage 
of each joined body were measured. The results are given in Table 13. 
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(Example 12) 

roil91 AIN sheets having the same composition as described in Example 1 . with the thickness being varied were 
prepa red .X£2l a W paLe was formed'in the same manner as described above ^^Z sTorC^ 
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[0120] From the above results, it is apparent that, when the thickness of the ceramic substrate and the thickness of 
the copper sheet do not satisfy the relationship y s 0.5x + 0.48 wherein y represents the thickness of the ceramic sub- 
strate and x represents the thickness of the copper sheet, in joining of the copper sheet to one side, the warpage 
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the copper sheet to one side. 
5 (Example 13) 

- iwmmmwm 

of the joined bodies were measured. The results are given in Table 15. 
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[0122] From the above results, it is apparent that the degree of warpage can be further reduced when one or two or 
more steps are provided in the side portion of the conductor layer and, regarding the lowermost step, the thickness of 
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is not more than one-third of the thickness thereof the who.e conductor .ayer and the .ength of the co.«ar portion is not 
less than half of the thickness of the whole conductor layer. 
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(Example 14) 

(0123, Boards of sample No, 4. 12. 15. 24. 28. 49 55 . 6* 66 67 68. 69 72 73 74. 79 80 ,.81 . 86 9* 94. 98 102. 

06. 134. 139. 145, 146. 158. 159. 160. 161, 162. 163 186. ^^'J^^^^WM^wM^ 
201 . 202. 204. 206. 210. and 214 (an Ni plat.ng as ^f^^e^tC^rSiiconductor devices having 
from the samples prepared in the above Examples high-temperature solder onto 

a sectional structure shown in Fig. 7. A sem '~ nd ^^^^^^ serve as an externa, terminal 13 

s^h^^ 

[conductor device, any probiem. which poses a ^° b ' e ^^^^ in Fig. 7 

Separately, semiconductor devices, mounted wrth 7*™* , 7 , by mean5 of a fixture (a bolt) 
were actually attached to a cooling sect.on (a ™*^^'^£ r £ e test any unacceptable problem 

20. and. in this state, a continuous 1 .000-hr endurance test was <*™*°*^™ 1 , sjng y tne interp osing layer of 
such as described above was no, found. V^^^^^S^^^ having much higher re.iabil- 

lent reliability particularly for high power modules. 
Industrial Applicability 

,<»«, Accc™ to toe present inven»on. to moo*, »«* g^tZSXSSSZXZS- 
be onto a ceram* substrate, troubles j«^^T^^^4Stoyet. such as breaktog o, 
per-basec brazing material or a ewer ^^^^^^^^Z is created at toe time of mount- 

practical point of view, can be easily provided at a low cost. 
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Acoppercircuit-joinedboard comprising one 

otheror one another, the joining units each com P. ns,n ^^ in ait the joining 

per as a main component, provided on the c ^ am,c f Sace of the conductor layer 

units, the length and width in the planar director ' °«^onductor ^"J^SEta. of the interposing layer, the 

r^-phe^no- 

extend from the side portion of the interposing .ayer in at least one of me ,o,n,ng unrts. 

A copper circuit-joined board comprising one ^^^^^^^T^ZX 
other or one another, the joining unrts each compns.ngj ^^"^^ ~ layer> wne rein. in all the joining 
per as a main component, provided on the c ^ am '"^^ Sace of the conductor layer 

unit, the length and width in the p.anar d.recfor ^ ttZESSS*** of the interposing layer, the 

and the interposing layer are at least 0 .05 ^ *"J SJ c KSudor layer and the interposing 

The copper circuit-joined board according to any one of Cairns 1 to 3. wherein the angle of the s«e portion of the 
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conductor layer to the joined interface of the conductor layer and the interposing layer is not more than 80°. 

5. The copper circuit-joined board according to any one of claims 1 to 3, wherein, in at least one joining unit, the side 
portion of the conductor layer is step-formed. 

5 

6. The copper circuit-joined board according to claim 5, wherein, in the step-formed portion, the height of the lower- 
most step joined to the interposing layer is not more than one-third of the thickness of the whole conductor layer, 
and the length of a collar portion of the lowermost step portion in the joined interface of the conductor layer and the 
interposing layer is not less than half of the thickness of the whole conductor layer. 

10 

7. The copper circuit-joined board according to any one of claims 1 to 6, wherein an outer layer comprising nickel as 
a main component is provided on the outer surface of the conductor layer and the interposing layer. 

8. The copper circuit-joined board according to any one of claims 1 to 7, wherein the interposing layer comprises a 
15 layer of a brazing material comprising at least one of silver and copper as a main component and an active metal. 

9. The copper circuit-joined board according to claim 8, wherein the interposing layer comprises the brazing material 
layer and a layer of a low-melting metal, having a melting point of 1 ,000°C or below, comprising as a main compo- 
nent at least one member selected from the group consisting of nickel, iron, and copper in that order from the sub- 

20 strate side. 

10. The copper circuit-joined board according to claim 8, wherein the interposing layer comprises a high-melting met- 
allizing layer comprising a high-melting metal as a main component and the brazing material layer in that order from 
the substrate side. 

25 

11. The copper circuit-joined board according to any one of claims 8 to 10, wherein the active metal contained in the 
brazing material layer is a group IVa or Va metal. 

12. The copper circuit-joined board according to any one of claims 1 to 7, wherein the interposing layer comprises the 
30 high-melting metallizing layer and the low-melting metallizing layer in that order from the substrate side. 

13. The copper circuit-joined board according to claim 11 or 12, wherein the high-melting metallizing layer has a sur- 
face roughness Ra of not more than 4 *im. 

35 14. The copper circuit-joined board according to any one of claims 9 to 13, wherein the low-melting metallizing layer 
comprises an Ni-P layer. 

15. The copper circuit-joined board according to any one of claims 9 to 13, wherein the low-melting metallizing layer 
comprises Ni-B and Ni-P in that order from the substrate side. 

40 

16. The copper circuit-joined board according to any one of claims 8 to 11 and 13, wherein the brazing material layer 
or the high-melting metallizing layer in the interposing layer has a thickness of 3 to 50 urn. 

17. The copper circuit-joined board according to any one of claims 9 and 12 to 15, wherein the low-melting metallizing 
45 layer in the interposing layer has a thickness of 2 to 40 urn. 

18. The copper circuit-joined board according to any one of claims 1 to 17, wherein, in at least one joining unit, the 
thickness of the conductor layer and the thickness of the ceramic substrate have a relationship satisfying the 
requirement y ^ 0.5x + 0.48 wherein x represents the thickness of the conductor layer, mm, and y represents the 

so thickness of the ceramic substrate, mm. 

19. The copper circuit-joined board according to any one of claims 1 to 18, wherein the substrate comprises an alumi- 
num nitride ceramic. 

55 20. The copper circuit-joined board according to any one of claims 1 to 18, wherein the substrate comprises a silicon 
nitride ceramic. 

21 . A process for preparing a copper circuit-joined board comprising one joining unit or a laminate of two or more join- 
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ing units joined to each other or one another, the joining units each comprising a ceramic substrate and a conductor 
layer, comprising copper as a main component, provided on the ceramic substrate through an interposing layer, 
said process comprising the steps of: (1) providing a ceramic substrate; (2) providing conductor materials (I) and/or 
(II), the length and width in the planar direction of the conductor materials (I) and (II) each in its portion to be directly 

? joined to the interposing layer being at least 0.05 mm shorter than those in the planar direction of the interposing 

layer, the conductor material (I) being in such a form that, after joining, at least a part of the end in the planar direc- 
tion of the portion not to be joined directly to the interposing layer is extended from the end of the interposing layer, 
the conductor material (II) being in such a form that, after joining, the portion not to be joined directly to the inter- 
posing layer in the planar direction is not extended from the end of the interposing layer; (3) selecting the materials 

10 (I) and/or (II), for each lamination unit, as a predetermined conductor layer material, disposing a material for the 
interposing layer between the substrate and the conductor layer material to prepare a predetermined joining unit, 
and then providing the joining unit by one as a joining assembly or repeatedly laminating the joining unit twice or 
more on top of each other or one another to prepare a joining assembly; (4) heating the assembly in the tempera- 
ture range of the melting point of the component(s) of the interposing layer to below the melting point of the con- 

r5 ductor layer material to form a joined body; and (5) finishing the joined body. 

22. The process for preparing a copper circuit-joined board according to claim 21 , wherein, in any of the step of provid- 
ing the conductor layer material and the step of finishing the joined body, the conductor layer material is previously 
shaped so that, after joining, the side constituting a face to be joined directly to the interposing layer makes an 

20 angle of not more than 80° with the direction of the joined interface of the conductor layer and the interposing layer. 

23. The process for preparing a copper circuit-joined board according to claim 21 or 22, wherein the step of finishing 
the joined body involves the formation of a layer comprising Ni as a main component on the outer surface of the 
joined body. 

25 

24. The process for preparing a copper circuit-joined board according to claim 21 or 22, wherein the interposing layer 
material is a brazing material comprising at least one member, selected from the group consisting of Ag and Cu, 
as a main component and an active metal. 

30 25. The process for preparing a copper circuit-joined board according to claim 24, wherein the active metal contained 
in the brazing material is a group IVa metal. 

26. The process for preparing a copper circuit-joined board according to any one of claims 21 to 25, wherein, in the 
step of selecting, in addition to the brazing material, a low-melting metal material, having a melting point of 1 ,000°C 

35 or below, comprising as a main component at least one member selected from the group consisting of Ni, Fe, and 
Cu as the interposing layer material and forming the joining assembly, the brazing material and the low-melting 
metal material are disposed as the interposing layer in that order from the substrate side. 

27. The process for preparing a copper circuit-joined board according to claim 21, wherein the step of providing the 
40 ceramic substrate involves the step of coating the ceramic substrate with a paste containing a high-melting metal 

and firing the coating to form a high-melting metallizing layer and the step of forming the joining assembly involves 
the step of interposing the brazing material or the low-melting metal material between the high-melting metallizing 
layer and the conductor layer material. 

45 28. The process for preparing a copper circuit-joined board according to claim 21, wherein the step of providing the 
ceramic substrate involves the step of coating the surface of a green compact of a starting powder having the com- 
position of the ceramic with a paste containing a high-melting metal and firing the coated ceramic substrate to sinter 
the ceramic compact and, at the same time, to form a high-melting metallizing layer and, in the step of forming the 
joining assembly, the brazing material or the low-melting metal material is interposed between the high-melting 

so metallizing layer and the conductor layer material. 

29. The process for preparing a copper circuit-joined board according to any one of claims 26 to 28, wherein the low- 
melting metallizing layer is constituted by a plating comprising an Ni-P component. 

55 30. The process for preparing a copper circuit joined board according to any one of claims 26 to 28. wherein the low- 
melting metallizing layer is constituted by a plating comprising an Ni-B component and a plating comprising an Ni- 
P component provided in that order from the substrate side. 
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31 . The process for preparing a copper circuit-joined board according to any one of claims 23 to 28, wherein the thick- 
ness of the brazing material layer and the high-melting metallizing layer in the interposing layer is 3 to 50 *im after 
joining. 

s 32. The process for preparing a copper circuit-joined board according to any one of claims 26 to 28. wherein the thick- 
ness of the low-melting metallizing layer in the interposing layer is 2 to 40 urn. 

33. The process for preparing a copper circuit-joined board according to any one of claims 21 to 32, wherein the sub- 
strate comprises an aluminum nitride ceramic. 

10 

34. The process for preparing a copper circuit-joined board according to any one of claims 21 to 32, wherein the sub- 
strate comprises a silicon nitride ceramic. 

35. A semiconductor device comprising a semiconductor element which has been die-bonded to the copper circuit- 
75 joined board according to any one of claims 1 to 20. 

36. A cooling system using the semiconductor device according to claim 35. 

20 
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FIG - 12 




FIG. 13 
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